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DATA CLASSIFICATION 


Product Preview 

This heading on a data sheet indicates that the device is in the formative 
stages or in design (under development). The disclaimer at the bottom of 
the first page reads: 'This document contains information on a product 
under development. Motorola reserves the right to change or discontinue 
this product without notice." 

Advance Information 

This heading on a data sheet indicates that the device is in sampling, 
preproduction, or first production stages. The disclaimer at the bottom of 
the first page reads: "This document contains information on a new product. 
Specifications and information herein are subject to change without notice. " 

Fully Released 

A fully released data sheet contains neither a classification heading nor a 
disclaimer at the bottom of the first page. This document contains infor- 
mation on a product in full production. Guaranteed limits will not be changed 
without written notice to your local Motorola Semiconductor Sales Office. 




Prepared by 
Technical Information Center 


Motorola has developed a broad range of reliable memories for virtually any digital 
data processing system application. Complete specifications for the individual circuits 
are provided in the form of data sheets. In addition, a selector guide is included to 
simplify the task of choosing the best combination of circuits for optimum system 
architecture. 

New Motorola memories are being introduced continually. For the latest 
releases, and additional technical information or pricing, contact your nearest 
authorized Motorola distributor or Motorola sales office. 


Motorola reserves the right to make changes without further notice to any products herein 
to improve reliability, function or design. Motorola does not assume any liability arising out 
of the application or use of any product or circuit described herein; neither does it convey 
any license under its patent rights nor the rights of others. Motorola products are not author- 
ized for use as components in life support devices or systems intended for surgical Implant 
into the body or intended to support or sustain life. Buyer agrees to notify Motorola of any 
such intended end use whereupon Motorola shall determine availability and suitability of its 
product or products for the use intended. Motorola and (§) are registered trademarks of 
Motorola, Inc. Motorola, Inc. is an Equal Employment Opportunity/Affirmative Action 
Employer. 
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SELECTOR GUIDE 


MOS/CMOS 


MOS/CMOS Dynamic RAMs 

( + 5V, 0to70oC) 


Organization 

Part Number 

Access Time 
(ns max) 

Pins 

64Kx4 

MCM41464AP10 

(P) 

100 

18 


MCM41464AP12 

(P) 

.^420 

18 


MCM41464AP15 

(P) 

. ^^“150 

18 

256KX1 

MCM6256BP10 



16 


MCM6256BP12,t^ 


120 

16 


MCM6256Bn5 ^ 

(P) 

150 

16 


MCM6257BPld 

(N) 

100 

16 


MCM6257BP12 

(N) 

120 

16 


MCM6257BP15 

(N) 

150 

16 

256KX4 

MCM514256AP70 

(P)# 


20 


MCM514256AP80 

(P)# 


20 


MCM514256AP10 

(P)# 


20 


MCM514256AJ70 

(P)# 




MCM514256AJ80 

(P)# 


20/26 


MCM514256AJ10 

(P)# 


20/26 


MCM514256AZ70 

(P)# 


20 


MCM514256AZ80 

(P)# 


20 


MCM514256AZ10 

(P)# 


20 


MCM514258AP70 

(S) 


20 


MCM514258AP80 

(S) 


20 


MCM514258AP10 

(S) 


20 


MCM514258AJ70 

(S) 


20/26 


MCM514258AJ80 

(S) 


20/26 


MCM514258AJ10 

(S) 


20/26 


MCM514258AZ70 

(S) 


20 


MCM514258AZ80 

(S) 




MCM514258AZ10 

(S) 


20 

IMxl 

MCM511000AP70 

(P)# 


18 


MCM511000AP80 

(P)# 


18 


MCM511000AP10 

(P)# 


18 


MCM511000AJ70 

(P)# 


20/26 


MCM511000AJ80 

(P)# 


20/26 


MCM511000AJ10 

(P)# 


20/26 


MCM511000AZ70 

(P)# 


20 


MCM511000AZ80 

(P)# 


20 


MCM511000AZ10 

(P)# 


20 


MCM511001AP70 

(N) 


18 


MCM511001AP80 

(N) 


18 


MCM511001AP10 

(N) 


18 


MCM511001AJ70 

(N) 


20/26 


MCM511001AJ80 

(N) 


20/26 


MCM511001AJ10 

(N) 


20/26 


MCM511001AZ70 

(N) 


20 


MCM511001AZ80 

IN) 


20 


MCM511001AZ10 

(N) 


20 


MCM511002AP70 

(S) 


18 


MCM511002AP80 

(S) 


18 


MCM511002AP10 

(S) 


18 


MCM511002AJ70 

(S) 


20/26 


MCM5110Q2AJ80 

(S) 


20/26 


MCM5110Q2AJ10 

(S) 


20/26 


MCM5110Q2AZ70 

(S) 


20 


MCM5110Q2AZ80 

(S) 




MCM511002AZ10 

(S) 


20 


(P) Page Mode ^Low power version available; 

(N) Nibble Mode order by MCM51L. . . 

(S) Static Column 


CMOS Dynamic RAM Modules 

( + 5 V, 0 to 70°C; 30-Lead SIMM Package) 


Organization 

Part Number 

Access Time 
(ns max) 

Pins 

1Mx8 

MCM81000S80 

80 

30 


MCM81000S10 

100 

30 

1Mx9 

MCM91000S80 

80 

30 


MCM91000S10 

100 

30 


MOS Static RAMs 

{ + 5 V, 0to70oC) 


Organization 

Part Number 

Access Time 
(ns max) 

Pins 

2Kx8 

MCM2018AN35 

35 

24 


MCM2018AN45 

45 

24 


CMOS Static RAMs 

( + 5 V, 0 to 70°C unless otherwise noted) 


Organization 

Part Number 

Access Time 
(ns max) 

Pins 

4Kx4 

MCM1423P45 
IMS1423P-45 , 

40 

20 


,40 

20 


MCM6168P46 0 


20 


MCM6168P55 ^0 
MCM6168P70 

e'iS 55 

* 70 

20 


20 


MCM6268P20 

20 

20 


MCM6268P25 

25 

20 


MCM6268P35 

35 

20 


MCM6268P45 

45 

20 


MCM6268P55 

55 

20 


MCM6269P25 (D 

25 

20 


MCM6269P35 (D 

35 

20 


MCM6270P20 

20 

22 


MCM6270P25 

25 

22 


MCM6270P35 

35 

22 


MCM6270J20 

20 

24 


MCM6270J25 

25 

24 


MCM6270J35 

35 

24 

8Kx8 

MCM6064P10 


28 


MCM6064P12 

120 

28 


MCM60L64P10 


28 


MCM60L64P12 

120 

28 


MCM6164C46 

46 

28 


MCM6164C55 

55 

28 


MCM61L64C45 

45 

28 


MCM61L64C55 

55 

28 


MCM6164CC55 (2) 

55 

28 


MCM6164CC70 <2) 

70 

28 


MCM6264P25* 

25 

28 


MCM6264P30 

30 

28 


MCM6264P35 

35 

28 


MCM6264P45 

45 

28 


MCM6264P55 

55 

28 


MCM6264J25* 

25 

28 


MCM6264J30 

30 

28 


MCM6264J35 

35 

28 


MCM6264J45 

35 

28 


MCM6264J55 

55 

28 


(Continued) 

*To be introduced 

(1) Fast chip select version 

(2) Industrial temperature range, -40 to 85°C 
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SELECTOR GUIDE (Continued) 


CMOS Static RAMs (Continued) 


Organization 

Part Number 

Access Time 
(ns max) 

Pins 

16Kx4 

MCM6288P15* 

15 

22 


MCM6288P20* 

20 

22 


MCM6288P25 

25 

22 


MCM6288P30 

30 

22 


MCM6288P35 

35 

22 


MCM6288P45 

45 

22 


MCM6290P15* (3) 

15 

24 


MCM6290P20* <3) 

20 

24 


MCM6290P25 <3) 

25 

24 


MCM6290P30 (3) 

30 

24 


MCM6290P35 <3) 

35 

24 


MCM6290P45 <3) 

45 

24 


MCM6290J15* <3) 

15 

24 


MCM6290J20* <3) 

20 

24 


MCM6290J25 <31 

25 

24 


MCM6290J30 <3) 

30 

24 


MCM6290J35 <3) 

35 

24 


MCM6290J45 <3) 

46 

24 

64Kx1 

MCM6287P15 

15 

22 


MCM6287P20 

20 

22 


MCM6287P25 

25 

22 


MCM6287P35 

35 

22 


MCM62S7J15 

15 

24 


MCM6287J20 

20 

24 


MCM6287J25 

25 

24 


MCM6287J35 

35 

24 

32Kx8 

MCM60256AP85 

85 

28 


MCM60256AP10 

100 

28 


MCM60256AP12 

120 

28 


MCM60L256AP85 

85 

28 


MCM60L256AP10 

100 

28 


MCM60L256AP12 

120 

28 


MCM60256APC10 <2) 

100 

24 


MCM6206P20* 

20 

28 


MCM6206P25* 

25 

28 


MCM6206P35* 

35 

28 


MCM6206P45* 

45 

28 


MCM6206J20* 

20 

28 


MCM6206J25* 

25 

28 


MCM6206J35* 

35 

28 


MCM6206J45* 

45 

28 

32Kx9 

MCM6205P20* 

20 

32 


MCM6205P25* 

25 

32 


MCM6205J20* 

20 

32 


MCM6205J25* 

25 

32 

64Kx4 

MCM6208P20* 

20 

24 


MCM6208P25* 

25 

24 


MCM6208J20* 

20 

24 


MCM6208J25* 

25 

24 


MCM6209P20* 

20 

28 


MCM6209P25* 

25 

28 


MCM620aJ20* 

20 

28 


MCM6209J25* 

25 

28 

256KX1 

MCM6207P20* 

20 

24 


MCM6207P25* 

25 

24 


MCM6207J20* 

20 

24 


MCM6207J25* 

25 

24 

128Kx8 

MCM6226P30* 

30 



MCM6226J30* 

30 


256Kx4 

MCM6228P25* 

25 

28 


MCM6228J25* 

25 

28 


*To be introduced 

12) Industrial temperature range, -40 to 85°C 
(3) Output enable version 


Synchronous Static RAMs 

( -I- 5 V, 0 to 70°C unless otherwise noted) 


Organization 

Part Number 

Access Time 
(ns max) 

Pins 

16Kx4 

MCM6292P25* 

25 

28 


MCM6292P30* 

30 

28 


MCM6292P35* 

35 

28 


MCM6292J25* 

25 

28 


MCM6292J30^ 

30 

28 


MCM6292J35* 

35 

28 


MCM6293P20* 

20 

28 


MCM6293P25* 

25 

28 


MCM6293P30* 

30 

28 


MCM6293J20* 

20 

28 


MCM6293J25* 

25 

28 


MCM6293J30* 

30 

28 


MCM6294P20* 

20 

28 


MCM6294P25 

25 

28 


MCM6294P30 

30 

28 


MCM6294J20* 

20 

28 


MCM6294J25 

25 

28 


MCM6294J30 

30 

28 


MCM6295P25 

25 

28 


MCM6295P30 

30 

28 


MCM6295P35 

35 

28 


MCM6295J25 

25 

28 


MCM6295J30 

30 

28 


MCM6295J35 

35 

28 

4Kx10 

MCM62963FN20^ 

20 

44 


MCM62963FN25* 

25 

44 


MCM62963FN30^ 

30 

44 


MCM62964FN20* 

20 

44 


MCM62964FN25* 

25 

44 


MCM62964FN30* 

30 

44 


MCM62965FN25* 

25 

44 


MCM62965FN30* 

30 

44 


MCM62965FN35^ 

35 

44 

4Kx12 

MCM62973FN20* 

20 

44 


MCM62973FN25* 

25 

44 


MCM62973FN30* 

30 

44 


MCM62974FN20* 

20 

44 


MCM62974FN25* 

25 

44 


MCM62974FN30* 

30 

44 


MCM62975FN25* 

25 

44 


MCM62975FN30* 

30 

44 


MCM62975FN35* 

35 

44 


CMOS Dual Port RAM 

( + 5V, 0to70®C) 


Organization 

Part Number 

Access Time 
(ns max) 

Pins 

256x8 

MCM68HC34L 

240 

40 


MCM68HC34P 

240 

40 


CMOS EEPROMt 

( + 5 V, 0to70oC) 


Organization 

Part Number 

Access Time 

(A(8) 

Pins 

256 x8 

MCM2814P 

3.5 

8 


t Available in Europe only. 
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SELECTOR GUIDE (Continued) 


Cache Tag RAMs 

{ + 5 V, 0 to 70°C unless otherwise noted) 


Organization 

Part Number 

Address to 
Match Time 
(ns max) 

Pins 

4Kx4 

MCM62350P20* 

20 

24 


MCM62350P22* 

22 

24 


MCM62350P25 

25 

24 


MCM62350P30 

30 

24 


MCM62350J20* 

20 

24 


MCM62350J22* 

22 

24 


MCM62350J25 

25 

24 


MCM62350J30 

30 

24 


MCM62351P20* 

20 

24 


MCM62351P22* 

22 

24 


MCM62351P25 

25 

24 


MCM62351P30 

30 

24 


MCM62351J20* 

20 

24 


MCM62351J22* 

22 

24 


MCM62351J25 

25 

24 


MCM62351J30 

30 

24 


MCM4180P20* 

20 

22 


MCM4180P22* 

22 

22 


MCM4180P25 

25 

22 


MCM4180P30 

30 

22 


MCM5180J20* 

20 

24 


MCM4180J22* 

22 

24 


MCM4180J25 

25 

24 


MCM4180J30 

30 

24 


*To be introduced 


MECL 


RAMs 

(0 to 75°C) 


Organization 

Part Number 

Access Time 
(ns max) 

Pins 

8x2 

MCM10143 

15.3 

24 

16x4 

MCM10146 

15 

16 

16x4 

MC10H145 

6 

16 

64x1 

MCM10148 

15 

16 

128x1 

MCM10147 

15 

16 

256x1 

MCM10144 

26 

16 

256x1 

MCM10152 

15 

16 

1024x1 

MCM10146 

29 

16 


PROMs 

10 to 75°C) 


Organization 

Part Number 

Access Time 
(ns max) 

Pins 

32x8 

MCM10139 

20 

16 

256 x4 

MCM10149-10 

10 

16 

256 x4 

MCM10149-25 

25 

16 


CAM 

{0 to 75°C) 


Organization 

Part Number 

Associate Time 
(ns max) 

Pins 

8x2 

MCM10H155 

7 

18 


MILITARY 


CMOS Static RAMs 

( + 5 V, -55 to I 250 C) 


Organization 

Part Number 

Access Time 
(ns max) 

Pins 

4Kx4 

6168-55/BRAJC 

55 

Bl 


6168-55/ BUAJC 

55 




70 

mm 


6168-70/ BUAJC 

70 

Bl 


6268-35/ BRAJC 

35 

20 


6268-35/ BUAJC 

35 

20 


6268-45/ BRAJC 

45 

20 


6268-45/ BUAJC 

45 

20 

8Kx8 

6164-55/ BXAJC 

55 

28 


6164-55/ BUAJC 

55 

32 


6164-70/ BXAJC 

70 

28 


6164-70/ BUAJC 

70 

32 

16Kx4 

6288-35/ BXAJC 

35 

22 


6288-35/ BUAJC 

35 

22 


6288-46/ BXAJC 

45 

22 


6288-45/ BUAJC 

45 

22 

64KX1 

6287-35/ BXAJC 

35 

22 


6287-35/ BUAJC 

35 

22 


6287-45/ BXAJC 

45 

22 


6287-45/BUAJC 

45 

22 

32Kx8 

6206-45/ BXAJC* 

45 

28 


6206-55/BXAJC* 

55 

28 


6206-70/ BXAJC* 

70 

28 


PRODUCTS 


CMOS Cache Tag RAMs 

( + 5 V, -55 to 125°C) 


Organization 

Part Number 

Access Time 
(ns max) 

Pins 

4Kx4 

4180-35/BXAJC* 




4180-45/BXAJC* 




TTL RAMs 

( + 5 V, -55 to 125°C) 


Organization 

Part Number 

Access Time 
(ns max) 


256KX4 

93422/BWAJC 

60 

22 


93L422/BWAJC 

75 

22 


93L422A/BWAJC 

55 

22 

1024x1 

93415/BEAJC 

45 

16 


93415/BFAJC 

45 

16 


93425/ BEAJC 

45 

16 


93425/ BFAJC 

45 

16 


*To be introduced 
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CROSS REFERENCE 


1 


The part numbers in the first column are arranged in alphanumeric sequence. The "Motorola 
Part Number" denotes what is believed to be the functional equivalent by pin function, except 
for differences in select/enable functions. 

NOTE: The user must verify speed, power, and package interchangeability based on detailed 
specifications. 

Motorola does not assume any liability arising out of the application or use of any product 
listed. 


MOS Dynamic RAM Cross Reference 


Competition 

Part 

Number 

Motorola 

Part Number 

Organization 

AM90C255 

MCM62S6B 

256KX1 

AM90C256 

MCM62B6B 

256Kx1 

HM50464 

MCM41464 

64Kx4 

HM511000 

MCM511000A 

IMxl 

HMBIIOOl 

MCM611001A 

IMxl 

HM511002 

MCM511002A 

IMxl 

HM51256 

MCM62S6B 

256Kx1 

HM51256L 

MCM6256B 

256Kx1 

HY51C100 

MCM511000A 

IMxl 

HY51C256 

MCM6256B 

256Kx1 

HY51C464 

MCM41464 

64Kx4 

HY51256L 

MCM6256B 

256KX1 

HY51464 

MCM41464 

64Kx4 

KM41256A 

MCM62S6B 

256Kx1 

LH21256 

MCMe256B 

256Kx1 

LH2464 

MCM41464 

64Kx4 

LH2465 

MCM41464 

64Kx4 

LH64256 

MCM6142S6A 

256Kx4 

LH65257 

MCM514258A 

256KX4 

M41256N 

MCM62S6B 

256KX1 

M41256P 

MCM62S6B 

256KX1 

M441024K 

MCM5142S8A 

256Kx4 

M441024P 

MCM514256A 

256Kx4 

M5M4C1000 

MCM511000A 

IMxl 

M5M4C1001 

MCM511001A 

IMxl 

M5M4C1002 

MCM511002A 

IMxl 

M5M44C256 

MCM5142S6A 

256KX4 

M5M44C258 

MCM514258A 

256Kx4 

M5M4464 

MCM41464 

64Kx4 

MB81256 

MCM6256B 

256KX1 

MB81464 

MCM41464 

64Kx4 

MN41256 

MCM6256B 

256KX1 

MSM41000 

MCM511000A 

IMxl 

MSM41001 

MCM511001A 

IMxl 

MSM41004 

MCM5142S6A 

256Kx4 

MSM41005 

MCM6142S8A 

256Kx4 

MSM41256 

MCM62S6B 

256Kx1 

MSM41464 

MCM41464 

64Kx4 

MT1256 

MCM6256B 

256KX1 

MT4064 

MCM41464 

64Kx4 

TC511000 

MCM511000A 


TC511001 

MCM511001A 


TC511002 

MCM611002A 

HyJ IjH 

TMM41256 

MCM6256B 


TMM41464A 

MCM41464 

HS! EIH 


MOS DRAMs (Continued) 


Competition 

Part 

Number 

Motorola 

Part Number 

Organization 

TMS4256 

MCM62S6B 


TMS4C1024 

MCM511000A 


TMS4C1025 

MCM511001A 


TMS4C1027 

MCM511002A 


TMS44C256 

MCM514256A 


TMS44C257 

MCM5142S8A 

256Kx4 

TMS4464 

MCM41464 

64Kx4 

^PD41256 

MCMe2S6B 

256Kx1 

/tPD41464 

MCM41464 

64Kx4 

mPD421000 

MCM511000A 

IMxl 

#tPD421001 

MCM511001A 


mPD421002 

MCM5110Q2A 



MOS Static RAM Cross Reference 


Part 

Number 

Motorola 

Part Number 

Organization 

Am2168 

MCM1423/6268/IMS1423 

4Kx4 

Am2169 

MCMe269 

4Kx4 

Am9128 

MCM2018A 

2Kx8 

Am99C164 

MCMe288 

16Kx4 

Am99C165 

MCMeZSO 

16Kx4 

Am99C641 

MCM6287 

64Kx1 

Am99C68 

MCM1423/6268 


Am99C88 

MCM6164/61LB4/6264 


Am99C88 

MCM6064/60L64 


Am99C88L 

MCM6164/61 164/8264 


Am99L68 

MCM1423/6288 

4Kx4 

CDM62256 

MCM6Q2S6A/60L256A 

32Kx8 

CDM6264 

MCM6064/60LJ64 

8Kx8 

CXK5464 

MCM6288 

16Kx4 

CXK5814 

MCM2018A 

2Kx8 

CXK58255 

MCM6206 


CXK5864 

MCM6164/61L64/6264 


CXK5865 

MCM6164/61 164/6264 


CY7C128 

MCM2018A 


CY7C164 



CY7C166 

MCM6290 

16Kx4 

CY7Cie8 

MCM6268 

4Kx4 

CY7C169 

MCM6269 

4Kx4 

CY7C185 

MCM6264 

8Kx8 

CYC7186 

MCM6164/61L64 

8Kx8 


Continued 
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CROSS REFERENCE (Continued) 


MOS SRAMs (Continued) 


Part 

Number 

Motorola 

Part Number 

Organization 

CY7C187 

MCM6287 

64Kx1 

CY7C197 

MCM6207 

256Kx1 

CY7C198 

MCM6206 

32Kx8 

F1600 

MCM6287 

64Kx1 

F1620/F1621 

MCM6288 

16Kx4 

F1622 

MCM6290 

16Kx4 

GM76C88 

MCM6064/e0L64 

8Kx8 

HM3-65768 

MCM6268 

4Kx4 

HM3-657a7 

MCM6287 

64Kx1 

HM3-65788 

MCM6288 

16Kx4 

HM6168H 

MCM6268 

4Kx4 

HM6168HL 

MCM6268 

4Kx4 

HM62256 

MCMeQ2S6A/60L256A 

32KX8 

HM6264 

MCM6164/61L64/6064/6264 

8Kx8 

HM6264L 

MCM6164/61L64/60Ij64/6264 

8Kx8 

HM6268 

MCM6268 

4Kx4 

HM6268L 

MCM6268 

4Kx4 

HM6287 

MCM6287 

64Kx1 

HM6287L 

MCM6287 

64Kx1 

HM-6516 

MCM2018A 

2Kx8 

HM-65162 

MCM2018A 

2Kx8 

HM-65172 

MCM2018A 

2Kx8 

HM65681 

MCM6268 

4Kx4 

HM65768 

MCM6268 

4Kx4 

HM6788 

MCM6288 

16Kx4 

HM6789 

MCM6290 

T6Kx4 

HM8832 

MCM602S6A 

32Kx8 

HY2116 

MCM2018A 

2Kx8 

HY61C16 

MCM2018A 

2K>!:8 

HY61C68 

MCM6268 

4Kx4 

HY61C68L 

MCM6268 

4Kx4 

HY61ie 

MCM2018A 

2Kx8 

HY62C64 

MCM6164/611j64/6264 

8Kx8 

HY62C87 

MCM6287 

64Kx1 

HY62C88 

MCM6288 

16Kx4 

HY63C256 

MCM6206 

32Kx8 

IDT6116L 

MCM2018A 

2Kx8 

IDT6116S 

MCM2018A 

2Kx8 

IDT6168L 

MCM6268 

4Kx4 

IDT6168LA 

MCM6268 

4Kx4 

IDT6168S 

MCM1423 

4Kx4 

IDT6168SA 

MCM6268 

4Kx4 

IDT6ie9SA 

MCM6269 

4Kx4 

IDT71256L 

MCM60L2S6A 

32Kx8 

IDT71256S 

MCM6Q2S6A 

32Kx8 

IDT7164L 

MCM61L64/00LJ64 

8Kx8 

IDT7164S 

MCM6164/6064/6264 

8Kx8 

IDT7187L 

MCM6287 

64Kx1 

IDT7187S 

MCM6287 

64Kx1 

IDT7188L 

MCM6288 

16Kx4 

IDT7188S 

MCM6288 

16Kx4 

IDT7198L 

MCM6290 

16Kx4 

IDT7198S 

MCM6290 

16Kx4 

IDT71256 

MCM6206 

32Kx8 

IDT71257S 

MCM6207 

256KX1 


MCMeOL64 

8Kx8 

IBHfl 

MCM6268 

4Kx4 


MCM6268 

4Kx4 

ISaESH 

MCM6269 

4Kx4 


MCM6268 

4Kx4 


Part 

Number 

Motoroia 

Part Number 

Organization 

IMS1600 

MCM6287 

64Kx1 

iMSieoi 

MCM6287 

64Kx1 

iMS1620 

MCM6288 

16Kx4 

IMS1624 

MCM6290 

16Kx4 

IMS1630 

MCM6164/61L64/6264 

8Kx8 

KM6264 

MCM6064 

8Kx8 

LH52251 

MCM6207 

256KX1 

MB61C71A 

MCM6287 

64Kx1 

MB81C68 

MCM6268 

4Kx4 

MB81C68A 

MCM6268 

4Kx4 

MB81C68W 

MCM6268 

4Kx4 

MB81C69A 

MCM6269 

4Kx4 

MB81C71 

MCM6287 

64Kx1 

MB81C74 

MCM6288 

16Kx4 

MB81C78 

MCM6164/61L64/6264 

8Kx8 

MB8128 

MCM2018A 

2Kx8 

MB8168 

MCM6268 

4Kx4 

MB8171 

MCM6287 

64Kx1 

MB8416A 

MCM2018A 

2Kx8 

MB8416A-L 

MCM2018A 

2Kx8 

MB8417A 

MCM2018A 

2Kx8 

MB8417A-L 

MCM2018A 

2Kx8 

MB8418A 

MCM2018A 

2Kx8 

MB8418A-L 

MCM2018A 

2Kx8 

MB84256 

MCM60256A 

32KX8 

MB8464 

MCMe064/60L64 


MB8464-L 

MCM60L64 


MK41H68 

MCM6268 


MK41H69 

MCM6269 

4Kx4 

MK41H80 

MCM4180 

4Kx4 

MK48Q2 

MCM2018A 

2Kx8 

MSM2128 

MCM2018A 

2Kx8 

MSM5128 

MCM2018A 

2Kx8 

MSM5165 

MCM6064/60L64 

8Kx8 

MSM5165L 

MCM6064/60L64 

8Kx8 

MSM5257 

MCM6207 

256KX1 

MS6168 

MCM6268 

4Kx4 

MS6264 

MCM6164/6iL64/6264 

8Kx8 

MS6264L 

MCM61L64 

8Kx8 

MS6287 

MCM6287 

64Kx1 

MS6288 

17; » T 

16Kx4 

M5M21C68 


4Kx4 

M5M5116 

MCM2018A 

2Kx8 

M5M5117 

MCM2018A 

2Kx8 

M5M5118 

MCM2018A 

2Kx8 

M5M5165 

MCM6164/61 L64/6264 

8Kx8 

M5M5165-L 

MCM6164/61L64/6264 

8Kx8 

M5M5178P 

MCM6264 

8Kx8 

M5M5187 

MCM6287 

64Kx1 

M5M5188 

MCM6288 

16K?<4 

M5M5189 

MCM6290 

16Kx4 

MT5C2561 

MCM6207 

256KX1 

MT5C2568 

MCM6206 

32Kx8 

NMC2116 

MCM2018A 

2Kx8 

NMC6164 

MCM6164/61L64/6264 

8Kx8 

NMC6164L 

MCM6164/61L64/6264 

8Kx8 

P4C164 

MCM6264 

8Kx8 

P4C168 

MCM6268 

4Kx4 

P4C187 

MCM6287 

64Kx1 

P4C188 

MCM6288 

16Kx4 
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CROSS REFERENCE (Continued) 


1 


MOS SRAMs (Continued) 


Part 

Number 

Motorola 

Part Number 

Organization 

P4C198 

MCM6290 

16Kx4 

P4C1257 

MCM6207 

256KX1 

PS6168 

MCM6268 

4Kx4 

SCM21C16 

MCM2018A 

2Kx8 

SCM6116 

MCM2018A 

2Kx8 

SCM6116L 

MCM2018A 

2Kx8 

SMJ5517 

MCM2018A 

2Kx8 

SRM2016 

MCM2018A 

2Kx8 

SRM20256 

MCM6Q256A 

32Kx8 

SRM2064 

MCM6064/60L64 

8Kx8 

SRM2261 

MCM6287 

64Kx1 

SRM2264 

MCM6164/61 L64/6064/60L64 

8Kx8 

SRM2268 

MCM6268 

4Kx4 

SRM2274 

MCM6288 

16Kx4 

SRM2275H 

MCM6290 

16Kx4 

SR16K4 

MCM6268 

4Kx4 

SR64E4 

MCM6290 

16Kx4 

SR64K1 

MCM6287 

64Kx1 

SR64K4 

MCM6288 

16Kx4 

SR64K8 

MCM6164/61L64/6264 

8Kx8 

SSL4180 

MCM4180 

4Kx4 

SSM6168 

MCM6268 

4Kx4 

SSM6170 

MCM6270 

4Kx4 

SSM7164 

MCM6264 

8Kx8 

SSM7166 

MCM6290 

16Kx4 

SSM7188 

MCM6288 

16Kx4 

SSM7192 

MCM6292 

16Kx4 

SSM7193 

MCM6293 

16Kx4 

SSM7194 

MCM6294 

16Kx4 

SSM7195 

MCM6295 

16Kx4 

STC2168 

MCM8268 

4Kx4 

STC2168L 

MCM6268 

4Kx4 

STC2168M 

MCM6268 

4Kx4 

STC6264 

MCM6064/60L64 

8Kx8 

S6516 

MCM2018A 

2Kx8 

TC5517B 

MCM2018A 

2Kx8 

TC5517B-L 

MCM2018A 

2Kx8 

TC5518C 

MCM2018A 

2Kx8 

TC5518C-L 

MCM2018A 

2Kx8 

TC55257 

MCM60256 

32Kx8 

TC55257L 

MCM60L2S6A 

32Kx8 

TC55416 

MCM6288 

16Kx4 

TC55417 

MCM6290 

16Kx4 

TC5561 

MCMe287 

64Kxl 

TC5562 

MCM6287 

64Kx1 


Part 

Number 

Motorola 

Part Number 

Organization 

TC5565 

MCM6064/60Ij64 

8Kx8 

TC5565-L 

MCM6064/60L64 

8Kx8 

TMM2015A 

MCM2018A 

2Kx8 

TMM2016 

MCM2018A 

2Kx8 

TMM2016A 

MCM2018A 

2Kx8 

TMM2018 

MCM2018A 

2Kx8 

TMM2019 

MCM2018A 

2Kx8 

TMM2063 

MCM6064/60L64 

8Kx8 

TMM2064 

MCM6064/60L64 

8Kx8 

TMM2068 

MCM6268 

4Kx4 

TMM20e8 

MCM6164/61L64/6264 

8Kx8 

TMS4016 

MCM2018A 

2Kx8 

UM2128 

MCM2018A 

2Kx8 

UM2129 

MCM2016H 

2Kx8 

UM6116 

MCM2018A 

2Kx8 

UM6168 

MCM6268 

4Kx4 

;tPD4016 

MCM2018A 

2Kx8 

mPD4168 

MCM6064 

8Kx8 

/iPD42832 

MCM6Q256A 

32Kx8 

mPD4314 

MCM6268 

4Kx4 

I4PD43256 

MCM6Q256A 

32Kx8 

^PD43257-L 

MCM60L2S6A 

32Kx8 

llPDA36^ 

MCM6287 

64Kx1 

^PD4362 

MCM6288 

16Kx4 

#tPD4364 

MCM6164/61L64/6264 

8Kx8 

AiPD4364L 

MCM6064/60L64 

8Kx8 

#iPD446 

MCM2018A 

2Kx8 

mPD4464 

MCM6064/60L64 

8Kx8 

/iPD449 

MCM2018A 

2Kx8 

VT20C68 

MCM6268 

4Kx4 

VT20C69 

MCM6269 

4Kx4 

VT64KS4 

MCMe288 

16Kx4 

VT65KS4 

MCM6290 

16Kx4 

V61C62 

MCM6288 

16Kx4 

V61C68 

MCM6268 

4Kx4 

V62C64 

MCM6164/61L64/6264 

8Kx8 

51C68 

MCMe268 

4Kx4 

51C69 

MCM6269 

4Kx4 

8808CL 

MCM60L64 

8Kx8 

8832C 

MCM60256A 

32Kx8 
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MOS Dynamic RAMs 


2 


MCM6256B 256Kx 1, 100/120/150 ns. Page Mode, NMOS 2-3 

MCM6257B 256Kx1, 100/120/150 ns. Nibble Mode, NMOS 2-15 

MCM41464A 64Kx4, 100/120/150 ns. Page Mode, NMOS 2-27 

MCM511000A, 1M X 1, 70/80/100 ns. Page Mode, CMOS 2-39 

MCM51L1000A 1M x 1, 70/80/100 ns. Page Mode, CMOS, Lower Power 2-39 

MCM511001A IM X 1, 70/80/100 ns. Nibble Mode, CMOS 2-54 

MCM511002A IM X 1, 70/80/100 ns. Static Column, CMOS 2-69 

MCM514256A, 256Kx4, 70/80/100 ns. Fast Page Mode, CMOS 2-84 

MCM51 L4256A 256K x 4, 70/80/100 ns. Fast Page Mode, CMOS, Lower Power 2-84 

MCM514258A 256Kx4, 70/80/100 ns. Static Column, CMOS 2-99 

MCM81000 IM x8 DRAM Module, 80/100 ns. Fast Page Mode, CMOS .... 2-114 
MCM91000 IM x9 DRAM Module, 80/100 ns. Fast Page Mode, CMOS .... 2-116 
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MOS/CMOS Dynamic RAMs 

( + 5 V, 0to70®C) 


Organization 

Part Number 

Access Time 
(ns max) 

Pins 

64Kx4 

MCM41464AP10 

(PI 

100 

18 


MCM41464AP12 

(P) 


18 


MCM41464AP15 

(P) 


18 

256KX1 

MCM6256BP10 


120 

16 


MCM6256BP12aV''>.< 

MCM6256BPtS^ 

16 


150 

16 


MCM6257BP10<> 

IN) 

100 

16 


MCM6257BP12 

(N) 

120 

16 


MCM6257BP15 

(N) 

150 

16 

256KX4 

MCM514256AP70 

(PI# 

70 

20 


MCM514256AP80 

(P)# 

80 

20 


MCM514256AP10 

IP)# 

100 

20 


MCM514256AJ70 

IP)# 

70 

20/26 


MCM514256AJ80 

IP)# 

80 

20/26 


MCM514256AJ10 

IP)# 

100 

20/26 


MCM514256AZ70 

(P)# 

70 

20 


MCM514256AZ80 

IP)# 

80 

20 


MCM514256AZ10 

(P)# 

100 

20 


MCM514258AP70 

IS) 

70 

20 


MCM514258AP80 

IS) 

80 

20 


MCM514258AP10 

(S) 

100 

20 


MCM514258AJ70 

(S) 

70 

20/26 


MCM514258AJ80 

IS) 

80 

20/26 


MCM514258AJ10 

IS) 

100 

20/26 


MCM514258AZ70 

(S) 

70 

20 


MCM514258AZ80 

(S) 

80 

20 


MCM514258AZ10 

(S) 

100 

20 


Organization 

Part Number 

Access Time 
(ns max) 

Pins 

IMxl 

MCM511000AP70 (PI# 

70 

18 


MCM511000AP80 <P)# 

80 

18 


MCM511000AP10 <P)# 

100 

18 


MCM511000AJ70 IP)# 

70 

20/26 


MCM511000AJ80 IP)# 

80 

20/26 


MCM511000AJ10 IP)# 

100 

20/26 


MCM511000AZ70 IP)# 

70 

20 


MCM511000AZ80 IP)# 

80 

20 


MCM511000/VZ10 IP)# 

100 

20 


MCM511001AP70 IN) 

70 

18 


MCM511001AP80 IN) 

80 

18 


MCM511001AP10 IN) 

100 

18 


MCM511001AJ70 IN) 

70 

20/26 


MCM511001AJ80 IN) 

80 

20/26 


MCM511001AJ10 IN) 

100 

20/26 


MCM511001AZ70 <N) 

70 

20 


MCM511001AZ80 IN) 

80 

20 


MCM511001AZ10 IN) 

100 

20 


MCM511002AP70 <S) 

70 

18 


MCM511002AP80 IS) 

80 

18 


MCM511002AP10 IS) 

100 

18 


MCM511002AJ70 <S) 

70 

20/26 


MCM511002AJ80 IS) 

80 

20/26 


MCM511002AJ10 IS) 

100 

20/26 


MCM511002AZ70 IS) 

70 

20 


MCM511002AZ80 IS) 

80 

20 


MCM511002AZ10 IS) 

100 

20 


(P) Page Mode ^Low power version available; 

(N) Nibble Mode order by MCM51L. . . 

(S) Static Column 


CMOS Dynamic RAM Moduies 

( + 5 V, 0 to 70^0; 30-Lead SIMM Package) 


Organization 

Part Number 

Access Time 
(ns max) 

Pins 

1Mx8 

MCM81000S80 

80 

30 


MCM81000S10 

100 

30 

1Mx9 

MCM91000S80 

80 

30 


MCM91000S10 

100 

30 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


256K-Bit Dynamic RAM 

The MCM6256B is a 262,144 bit, high-speed, dynamic random access memory. 
Organized as 262,144 one-bit words and fabricated using N-channel silicon-gate MOS 
technology, this single -I- 5 volt supply dynamic RAM combines high performance with 
low cost and improved reliability. All inputs and outputs are fully TTL compatible. 

By multiplexing row and column address inputs, the MCM6256B requires only nine 
address lines and permits packaging in standard 16-pin 300 mil wide dual-in-line packages. 
Complete address d ecod ing is done on-chip with address latches incorporated. Data out 
(Q) Is controlled by CAS allowing greater system flexibility. 

The MCM6256B features "page mode" which allows random column accesses of the 
512 bits within the selected row. 

• Organized as 262,144 Words of 1 Bit 

• Single +5 Volt Operation { ± 10%) 

• Maximum Access Time: MCM6256B-10= 100 ns 

MCM6256B-12 = 120 ns 
MCM6256B-15 = 150ns 

• Low Power Dissipation: MCM6256B-10 = 440 mW Maximum (Active) 

MCM6256B-12 = 396 mW Maximum (Active) 

MCM6256B-15 = 358 mW Maximum (Active) 

28 mW Maximum (Standby) 

• Three-State Data Output 

• Early-Write Common I/O Capability 

• 256 Cycle, 4 ms Refresh 


MCM6256B 




RAS -Only R efresh Mode 
CAS Before RAS Refresh 
Hidden Refresh 
Page Mode Capability 

'l 







BLOCK DIAGRAM 


:x> 


CAS” 


AO- 

A1- 

A2- 

A3- 

A4- 

A5“ 

A6” 

A7~ 

A8” 


NO. 2 CLOCK 
GENERATOR P; 

ZH 


DATA IN 
BUFFER 


COLUMN 
ADDRESS 
BUFFERS (9) 


REFRESH 
CONTROLLER/ 
COUNTER 18) 


ROW ADDRESS 
BUFFERS (9) 


NO. 1 CLOCK 
GENERATOR 


DATA OUT 
BUFFER 


COLUMN 

DECODER 


is 

* 


SENSE AMP 
i/0 GATING 


;256 


1024 


PIN NAMES 1 

A0-A8 . 

......... Address Input 

D . . . . 


Q . . . . 


W. . . . 


RAS . . 


CAS . . 

. . . Column Address Strobe 

vcc ■ ■ 

Power ( -h 5 V) 

Vss ■ • • 



MEMORY 

ARRAY 


-vcc 

-vss 
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MCM6256B 


ABSOLUTE MAXIMUM RATINGS (See Note) 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

1 

Vss 

0 

0 

0 

V 

1 

Logic 1 Voltage, All Inputs 

V|H 

2.4 

- 

6.5 

V 

1 

Logic 0 Voltage, All Inputs 

V|L 

-1.0 


0.8 

V 

1 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-1 to +7 

V 

Voltage Relative to Vss Any Pin Except Vcc 

Vin/ Vout 

-1 to +7 

V 

Data Out Current 

lout 

50 

mA 

Power Dissipation 

pd 

600 

mW 

Operating Temperature Range 

Ta 

Oto +70 

°C 

Storage Temperature Range 

Jm 

-55 to +150 

°C 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped- 
ance circuit. 


DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vcc Power Supply Current 

icci 



mA 

2 

MCM6256B-10, tRC = 190 ns 


_ 

80 



MCM6256B-12, tRC = 220 ns 


_ 

72 



MCM6256B-15, tRC = 260 ns 


_ 

65 



Vcc Power Supply Current (Standby) (RAS = CAS=V|h) 

ICC2 

- 

5.0 

mA 


Vcc Power Supply Current During RAS only Refresh Cycles (CAS = V|h) 

'CCS 



mA 

2 

MCM6256B-10, tRc = 190 ns 



70 



MCM6256B-12, tRC = 220 ns 


- 

62 



MCM6256B-15, tRC = 260 ns 


- 

55 



Vcc Power Supply Current During Page Mode Cycle (RAS = V|l) 

>CC4 



mA 

2 

MCM6256B-10, tpc = 100 ns 


_ 

60 



MCM6256B-12, tpc = 120 ns 


- 

55 



MCM6256B-15, tpc = 145 ns 


- . 

50 



Vcc Power Supply Current During CAS Before RAS Refresh 

'CC5 



mA 

2 

MCM6256B-10, tRC=190 ns 


— 

70 



MCM6256B-12, tRC = 220 ns 


- 

62 



MCM6256B-15, tRC = 260 ns 


- 

55 



Input Leakage Current (Vss<Vin<Vcc) 

>lkg(l) 

-10 

10 

mA 


Output Leakage Current (CAS at Logic 1, Vss <Vout<Vcc) 

>lka(0) 

-10 

10 

mA 


Output Logic 1 Voltage (lout= “5 mA) 

VOH 


- 

V 


Output Logic 0 Voltage (lout = 4.2 mA) 

VOL 

- 

0.4 

V 



CAPACITANCE (f=1.0 MHz, Ta=25°C, VcC" 5 V, Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Typ 

Max 

Unit 

Notes 

Input Capacitance A0-A8, D 

RAS, W 

Cin 

- 

5 

PF 

3 

- 

7 

PF 

3 

Output Capacitance (CAS = V|h to Disable Output) Q 

Cout 

- 

7 

pF 

3 


NOTES: 

1. All voltages referenced to Vss- 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 

3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = IAt/AV. 
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MCM6256B 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, Ta = 0 to 70®C, Unless Otherwise Noted) 

READ. WRITE, AND READ-MODIFY-WRITE CYCLES (See Notes 1, 2, 3, and 5) 


Parameter 

Symbol 

MCM62S6B-10 

MCM62S6B-12 

MCM6256B-15 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

tRC 

190 

- 

220 

- 

260 

- 

ns 

4, 5 

Read-Write Cycle Time 

tRELREL 

tRWC 

200 

- 

240 

- 

285 

- 

ns 

4, 5 

Read-Modify-Write Cycle Time 

tRELREL 

tRMW 

220 

- 

260 

- 

310 

- 

ns 

4, 5 

Access Time from PAS 

tRELQV 


- 

100 

- 


- 

3101 

3031 

mw 

Access Time from CAS 

tCELQV 

tCAC 

- 


- 

60 

- 

mm 

3031 

wm 

Output Buffer and Turn-Off Delay 

tCEHQZ 

tOFF 

5 


5 

30 

5 



9 

RAS Precharge Time 

fREHREL 

tRP 

80 


90 

- 



3QI 

- 

Pulse Width 




^^3 





3031 

- 

^ Pulse Width 

tCELCEH 



10,000 

60 

10,000 

75 


103 

- 

RA$ to CAS Delay Time 

tRELCEL 



50 

wm 

60 

25 

75 

3S31 

mm 

Row Address Setup Time 

tAVREL 


0 

- 

0 

- 

0 

- 

3^31 

- 

Row Address Hold Time 

tRELAX 


15 

- 

15 

- 

15 

- 

■a 

- 

Column Address Setup Time 



0 

- 

0 

- 


- 

09 

- 


tCELAX 

tCAH 


- 

25 

- 


- 

3031 

- 

Column Address Hold Time Referenced to RAS 

tRELAX 

tAR 

70 

- 

85 

- 

33^1 

- 


- 

Transition Time (Rise and Fall) 

tr 

tr 

3 

50 

3 

50 

3 

wm 

3031 

- 

Read Command Setup Time 



0 

- 

0 

- 


- 

^^31 

- 

Read Command Hold Time Referenced to CAS 



0 

- 

0 

- 

33331 

- 

3S31 

mm 

Read Command Hold Time Referenced to RAS 




- 

15 

- 

20 

- 

3^9 

mm 

Write Command Hold Time 




- 

25 

- 

30 

- 

0331 

- 

Write Command Hold Time Referenced to RAS 

tRELWH 

tWCR 

mm 

- 

85 

- 

13^3! 

- 

ns 

- 

Write Command Pulse Width 

tWLWH 


11^1 

- 


- 


- 

1^91 

- 

Write Command to RAS Lead Time 

tWLREH 

tRWL 


- 

II3SI 

- 

45 

- 


- 

Write Command to CaS Lead Time 

tWLCEH 

«CWL 

rai 

- 

11^31 

- 

45 

- 

99 

- 

Data in Setup Time 

tDVCEL 

tDS 

0 

- 

0 

- 

0 

- 

^91 

mm 



tDH 


- 


- 

l3E9i 

- 

^Q3 

mm 

Data in Hold Time Referenced to RAS 

tRELDX 

tDHR 

70 

- 


- 

imiUi 

- 

0033 

- 

CAS to RAS Precharge Time 



10 

- 

10 

- 

10 

- 

039 

- 

RAS Hold Time 

tCELREH 

tRSH 


- 

60 

- 

75 

- 

ns 

- 

Refresh Period 

tRVRV 

tRFSH 


4 

- 

4 

- 

4 

ms 

- 


(continued) 


NOTES: 

1. V|H min and V|l max are reference levels for measuring timing of input signals. Transition times are measured between V|h and V|l. 

2. An initial pause of 200 /is is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transmit between V||-| and V||_ (or between Vn_ and V|h) In a monotonic manner. 

4. The specifications for tpc (min) and tpMvy (min) are used only to indicate cycle time at which proper operation over the full temperature 
range (0 °C<Ta:s 70°C) is assured. 

5. AC measurements ty = 5.0 ns. 

6. Assumes that tRCD^tRCD (max). 

7. Measured with a current load equivalent to 2 TTL (-200 nA, +4 mA) loads and 100 pF with the data output trip points set at 
Voh=2.0 Vand Vol=0.8 V. 

8. Assumes that tpcD-^RCD (max). 

9. tOFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

10. Operation within the tpcp (max) limit ensures that tpAC (max) can be met. tRCD (max) is specified as a reference point only; if tRCD 's 
greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAC- 

11. Either tRRH or tRCH must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in random write cycles and to WRITE leading edge in delayed write or read-modify- 
write cycles. 
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MCM6256B 


READ, WRITE, AND READ-MODIFY-WRITE CYCLES (Continued) 


Parameter 

Symbol 

MCM6256B-10 

MCM6256B-12 

MCM6256B-15 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Write Command Setup Time 

tWLCEL 

twcs 

0 

- 

0 

- 

0 

- 

ns 

13 

CAS to Write Delay 

tCELWL 

fCWD 

30 

_ 

40 

- 

50 

- 

ns 

13 

RAS to Write Delay 

tRELWL 

fRWD 

80 

- 

100 

- 

125 

- 

ns 

13 

CAS Hold Time 

tRELCEH 

tCSH 

100 

- 

120 

- 

150 

- 

ns 

- 

CAS Precharge Time 

tCEHCEL 

tCPN 

15 

- 

20 

- 

25 

- 


- 

CAS Precharge Time (Page Mode Cycle Only) 

tCEHCEL 

HB99I 


- 

50 

- 


- 


- 

Page Mode Cycle Time 

tCELCEL 

tpc 

1^3111 


11^1 

- 

HEB 

- 

iiQi[ 

- 

Page Mode Read-Write Cycle Time 

fCELCEL 

tPRWC 


- 

U9I 

- 


- 

IQII 

- 





- 


- 


-■ 

ns 

- 

CAS Hold Time for CAS Before RAS Refresh 

tRELCEH 

fCHR 

30 

- 

30 

- 

30 

- 

ns 

- 

CAS Setup Time for CAS Before RAS Refresh 

tRELCEL 

tCSR 

10 

- 

10 

- 

10 

- 

ns 


CAS Precharge to CAS Active Time 

tREHCEL 

tRPC 

0 

- 

0 

- 

0 

- 

ns 

' - 

CAS Precharge Time for CAS Before RAS 
Counter Test 

fCEHCEL 

tCPT 

40 

- 

50 

- 

60 

- 

ns 

- 


NOTES: 

13, twcS' ^CWD' tRWD s*"® restrictive operating parameters. They are included in the data sheet as electrical characteristics only; if 
twcS-^CS (nnin), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire 
cycle; if tcwD-^CWD ^Tiin) and tRvyD>tR\/yQ (min), the cycle is read-write cycle and the data out will contain data read from the 
selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 


READ CYCLE TIMING 
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RAS 


CAS 


ADDRESSES 


W 


D (DATA IN) 


Q (DATA OUT) 


RAS 


CAS 


ADDRESSES 


W 


Q (DATA OUT) 


D (DATA IN) 


WRITE CYCLE TIMING 




READ-WRITE/READ-MODIFY-WRITE CYCLE 



MOTOROLA MEMORY DATA 


2-7 








MOTOROLA MEMORY DATA 
2-8 












MCM6256B 



MOTOROLA MEMORY DATA 


2-10 









MOTOROLA MEMORY DATA 
2-11 






MCM6256B 


DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator pump to establish the cor- 
rect bias voltage. This is to be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize the 
various dynamic nodes internal to the device. During an ex- 
tended inactive state of the device (greater than 4 milliseconds 
with device powered up), the wake up sequence (8 active 
cycles) will be necessary to assure proper device operation. 

ADDRESSING THE RAM 

The nine address pins on the device are time multiplexed 
with two separate 9-bit address fields that are strobed at the 
beginning of the memory cycle by tw o clocks (active negative) 
called t he ro w address strobe (RAS) and the column address 
strobe (CAS). A total of eighteen address bits will decode one 
of the 262,144 cell locations in the device. The column address 
strobe follows the row address strobe by a specified minimum 
and maximum time called "tRco/' which is the row to column 
strobe delay. This time interval is also referred to as the mul- 
tiplex window which gives flexibility to a system designer to 
set up his external addresses Into the RAM. These conditions 
have to be met for normal read or write cycles. This initial 
portion of the cycle accomplishes the normal addressing of 
the device. There are, however, two othe r vari ations in ad- 
dressing the 256K RAM, one is called the RAS only refresh 
cycle (described later) where an 8-bit row ad dress field is pre- 
sented on the input pins and latched by the RAS clock. The 
most significant bit on Row Address A8 (pin 1) is not required 
for refresh. The other variation, which is called page mode, 
allows the user to column access the 512 bits within a selected 
row. (See PAGE-MODE CYCLES section.) 

READ CYCLE 

A read cycle is referred to as a normal read cycle to differ- 
entiate it from a page mode read cycle, a read-while-write 
cycle, and read-modify-write cycle which are covered in a later 
section. 

The m emor y read cycle begins with the row addresses valid 
and the R AS clock transitioning from V|h to the V|l level. 
The CAS clock must also make a transition from V|h to the 
V|L level at the specified tpcD ti ming limit s wh en the column 
addresses are latched. Both the RAS and CAS clocks trigger 
a sequence of events which are controlled by several delayed 
internal clocks. Also, these clocks are linked In such a manner 
that the access time of the device is independent of the ad dress 
multiplex window. The only stipulation is that the CAS clock 
must be active before or at the tpcD max imum specification 
for an access (data valid) from the RAS clock edge to be 
guaranteed (tRAC^- l^RCD max imum condition is not 
met, the access (tCAC) frorri the CAS clock ac tive t ransition 
will determine read acce ss tim e. The external CAS signal Is 
ignored until a n inte rnal RAS signal is available. This gating 
feature on the CAS clock will allow the external CAS signal 
to become active as soon as the row address hold time (tRAH^ 
specification has been met and defines the tRCD minimum 
specification. The time difference between tRCD minimum and 
tRCD maximum can be used to absorb skew delays in switch- 
ing the address bus from row to column addresses and in 
generating the CAS clock. 

Once the clocks have become active, t hey m ust stay active 
for the minimum (tRAS^ period for the RAS clock and the 


minimum (tCAS^ period for the CAS clock. The RAS clock 
must stay inactive for the minimum (tRp) time. The former is 
for the completion of the cycle in progress, and the latter is 
for the device internal circuitry to be precharged for the next 
active cycle. 

Data out is not latched and is valid as long as the CAS clock 
is a ctive; the output will switch to the three-state mode when 
the C^ clock goes inactive. To perform a read cycle, the 
writ e (W ) input must be held at the V|h level from the time 
the CAS clock makes its active transition (tRcs) to the time 
when it transitions into the inactive (tRCH) mode. 

WRITE CYCLE 

A write cycle is similar to a read cycle except that the Write 
(W) clock must go active (V|l level) at or before the CAS clock 
goes active at a minimum tyycs time. If the above condition 
is met, then the cycle in progress is referred to as an early 
write cycle. In an early write cycle, the write clock and the 
data in are referenced to the active transition of the CAS clock 
edge. There are two important parameters with respect to the 
write cycle: the column strobe to write lead time (tcwL^ 
the row strobe to write l ead t ime (tRWL). These define the 
minimum time that RAS and CAS clocks need to be active 
after the write operation has started (W clock at V|l level). 

It is also possible to perform a late write c ycle. For this cycle 
the write clock is activated after the CAS goes low which is 
beyond tyycS minimum time. Thus the parameters tcwL 
tRWL must be satisfied before terminating this cycle. The 
difference between an early write cycle and a late write cycle 
is that in a late write cycle the write (W) clock can occur much 
later in time with respect to the active transition of the CAS 
clock. This time could be as long as 10 microseconds — 
ltRWL + tRp-H2tT]. 

At the start of an early write cycle, the data out is in a high 
impedance condition and remains inactive throughout the 
cycle. The data out remains three-state because the active 
transition of the write (W) clock prevents the CAS clock from 
enabling the data-out buffers. The three-state condition (high 
impedance) of the data out pin during a write cycle can be 
effectively utilized in systems that have a common input/out- 
put bus. The only stipulation is that the system use only early 
write mode operations for all write cycles to avoid bus 
contention. 

READ-MODIFY-WRITE AND READ-WHILE-WRITE 
CYCLES 

As the name implies, both a read and a write cycle are 
accomplished at a selected bit during a single access. The 
read-modify-write cycle is similar to the late write cycle dis- 
cussed above. 

For the read-modify-write cycle a normal read cycle is ini- 
tiated with the write (W) clock at the V|h level until the read 
data occurs at the device access time (tRAC^- At this time the 
write (W) clock is asserted. The data in is setup and held with 
respect to the active edge of the write clock. The cycle de- 
scribed assumes a zero modify time between read and write. 

Another variation of the read-modify-write cycle is the read- 
while-write cycle. For this cycle, tcWD Pl®ys an important 
role. A read-while-write cycle starts as a normal read cycle 
with the write (W) clock being asserted at minimum tcWD 
time, depending upon the application. This results in starting 
a write operation to the selected cell even before data out 
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occurs. The minimum specification on tcWD assures that data 
out does occur. In this case, the data in is set up with respect 
to write (W) clock active edge. 

PAGE-MODE CYCLES 

Page mode operation allows fast successive data operations 
at the 512 column locations on a g iven row. Page access (tCAC) 
is typically half the regular RAS clock access (tpAC) on the 
Motorola 256K dynamic RAM. Page mode operation consists 
of holding the RAS clock active while cycling the CAS clock 
to access the column locations determined by the 9-bit column 
address field. 

The page cycle is always i nitiate d with a row address being 
provided and latc hed b y the RAS clock, followed by the col- 
umn address and CAS clock. From the timing illustrated, the 
initial cycle is a normal read or write cycle, th at ha s been 
previously descr ibed, followed by the shorter CAS cycles 
(tpc)- The CAS cycle time (tpc) consists of the CAS clock 
active time (tCAS^/ ^nd CAS clock precharge time (tcp) and 
two transitions. In addition to read and write cycles, a read- 
modify-write cycle can also be performed in a page mode 
operation. For a read-mod if y-write or read-while-write type 
cycle, the conditions normal to that mode of operation will 
apply in the page mode also. In practice, any combination of 
read, write and read-modify-write cycles can be performed to 
suit a particular application. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to 
degrade with time and temperature. Therefore, to retain the 
correct information, the bits need to be refreshed at least once 
every 4 milliseconds. This is accomplished by sequentially cy- 
cling through the 256 row address locations every 4 millise- 
conds, (i.e., at least one row every 15.6 microseconds like the 
64K dynamic RAM). A normal read or write operation to the 
RAM will serve to refresh all the bits (1024) associated with 
the particular rows decoded. 

RAS-Only Refresh 

In this refresh method, the system must perform a RAS- 
only cycle on 256 row addresses every 4 m illiseconds. The 
row addresses are latched In with the RAS clock, and the 


associated in terna l row locations are refreshed. As the heading 
implies, the CAS clock is not required and must be inactive 
or at a V|h level. 

CAS Before RAS Refresh 

This refresh cycle is initiated when RAS falls, after CAS has 
been low (by tcSR^- activates the internal refresh counter 
which generates the address to be refreshed. Externally applied 
addresses are ignored during the automatic refresh cycle. If 
the output buffer was off before the automatic refresh cycle, 
the output will s tay in the high impedance state. If the output 
was enabled by CAS in the previous cycle, the data out will 
be m aintained during the automatic refresh cycle as long as 
CAS is held active (hidden refresh). 

Hidden Refresh 

The hidden refresh method allows refresh cycles to be per- 
formed while maintaining valid d ata at the output pin. Hi dden 
refresh is performed by holding CAS at V|i_ and taking RAS 
hi gh a nd after a sp ecified precharge period (tRp), executing 
a CAS before RAS refresh cycle. (See Figure 1.) 

CAS BEFORE RAS REFRESH COUNTER TEST 

The in ternal refres h operation of MCM6256B can be tested 
by CAS before RAS refresh counter test. This cycle performs 
read/write operation taking the internal counter address as 
row address and the input address as colu mn ad dress. 

The test is performed after a minimum of 8 CAS before RAS 
cycles as initialization cycles. The test procedure is as follows. 

1. Write a "0" into all memory cells. 

2. Select any column address and read the "0"s written in 
step 1. Write a " 1 " i nto eac h cell of the selected column 
by performing CAS before RAS Refresh Counter Test 
Read-Write Cycle (see timing diagram). Repeat 256 times. 

3. Read the "1"s (use a normal read mode) written in step 

2 . 

4. Select the same column address as step 2, r ead th e "1"s 
and w rite a "0" into each cell by performing CAS before 
RAS Refresh Counter Test Read-Write Cycle (see timing 
diagram). Repeat 256 times. 

5. Read the "0"s (use a normal read mode) written in step 
4. 

6. Repeat steps 1 through 5 using complement data. 
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Figure 1. Hidden Refresh Cycle 
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Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 6256B X XX 

IT T T I 


Speed (10 = 100 ns, 12= 120 ns, 15 = 150 ns) 


Package {P = Plastic) 


Full Part Numbers-MCM6256BP10 
MCM6256BP12 
MCM6256BP15 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


256KX1 Nibble Mode Dynamic 
RAM 

The MCM6257B is a 262,144 bit, high-speed, dynamic random access memory. 
Organized as 262,144 one-bit words and fabricated using N-channel silicon-gate MOS 
technology, this single -1-5 volt supply dynamic RAM combines high performarfce with 
low cost and improved reliability. All Inputs and outputs are fully TTL compatible. 

By multiplexing row and column address Inputs, the MCM6257B requires only nine 
address lines and permits packaging in standard 16-pin 300 mil wide dual-in-line packages. 
Complete address d ecod ing is done on-chip with address latches incorporated. Data out 
(Q) is controlled by CAS allowing greater system flexibility. 

The MCM6257B features "nibble mode" which allows serial access of 4 bits of data at a 
high data rate. 

• Single 4-5 Volt Operation ( ± 10%) 

• Maximum Access Time: MCM6257B-10 = 100 ns 

MCM6257B-12=120ns 
MCM6257B-15 = 150 ns 

• Low Power Dissipation: MCM6257B-10 = 440 mW Maximum (Active) 

MCM6257B-12 = 396 mW Maximum (Active) 

MCM6257B-15 = 358 mW Maximum (Active) 

28 mW Maximum (Standby) 

• Three-State Data Output 

• Early-Write Common I/O Capability 

• 256 C ycle, 4 ms R efresh 

• CAS Before RAS and RAS-Only Refresh M 

• Hidden Refresh 
Fast Nibble Mode Access and 

■ 

BLOCK DIAGRAM 
Cf 


MCM6257B 





PIN ASSIGNMENT 

asE 

1 • 

16 

Ivss 

dE 

2 

15 

ICAS 

, .g#wE 

3 

14 

]Q 


4 

13 

]A6 

aoE 

5 

12 

]A3 

A2E 

6 

11 

]A4 

aiE 

7 

10 

]A5 

vccE 

8 

9 

1A7 


Time 
ns Cycle Time 



PIN NAMES 1 

A0-A8 . 


D . . . . 


Q . . . . 


W. . . . 


RAS . . 

Row Address Strobe 

CAS . . 

. . . Column Address Strobe 

Vcc • ■ 

Power ( -H 5 V) 

Vss • • 



COLUMN 


NIBBLE 

DECODER 


SELECTOR 


1024 



SENSE AMP 
1/0 GATING 




1 


MEMORY 

ARRAY 


CAS 

CA9 


-vcc 

-Vss 
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ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-1 to +7 

V 

Voltage Relative to Vss fo'’ Any Pin Except Vqc 

Vin. Vout 

-1 to +7 

V 

Data Out Current 

•out 

50 

mA 

Power Dissipation 

Pd 

600 

mW 

Operating Temperature Range 

Ta 

Oto +70 

°C 

Storage Temperature Range 

^stg 

-56 to +150 

®C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATiKiGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped- 
ance circuit. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

1 

Vss 

0 

0 

0 

V 

1 

Input High Voltage, All Inputs 

V|H 

2.4 

_ 

6.5 

V 

1 

Input Low Voltage, All Inputs 

V|L 

-1.0 

- 

0.8 

V 

1 


DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 



Vcc Power Supply Current 

•cci 





MCM6257B-10, tRC = 190 ns 






MCM6257B-12, tRC^220 ns 






MCM6257B-15, tRC=260 ns 






Vcc Power Supply Current (Standby) (RA§ = CAS=V|h) 

•CC2 

- 

5.0 



Vcc Power Supply Current During RAS only Refresh Cycles (CAS=V|h) 

ICC3 





MCM6257B-10, tRC = 190 ns 






MCM6257B-12, tRC = 220 ns 






MCM6257B-15, tRC=260 ns 






Vcc Power Supply Current During Nibble Mode Cycle (RAS=V|l) 

ICC4 





MCM6257B-10, tNC = 50 ns 






MCM6257B-12, tNC = 60 ns 






MCM6257B-15, tNC=70 ns 






Vcc Power Supply Current During CAS Before RAS Refresh 

'CC5 



1111102^111 


MCM6257B-10, tRC=190 ns 


— 




MCM6257B-12, tRC = 220 ns 


- 




MCM6257B-15, tRC = 260 ns 


- 




Input Leakage Current (Vss<Vin<Vcc) 

•ika(l) 

-10 

10 

IKSH 


Output Leakage Current it AS at Logic 1, Vss < Vout <Vcc) 

•ikq(O) 

-10 


HSSI 


Output High Voltage (loH= “5 mA) 

VOH 

2.4 

_ 

■01 


Output Low Voltage (loL=4.2 mA) 

VOL 

- 

0.4 

V 



CAPACITANCE (f=1.0 MHz, Ta=25°C, Vcc= 5 V> Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Typ 

Max 

Unit 

Notes 

Input Capacitance A0-A8, D 

W 

Cin 

' - 

5 

PF 

3 

- 

7 

PF 

3 

Output Capacitance (CAS = V|h to Disable Output) Q 

o 

o 

c 

- 

7 

pF 

3 


NOTES: 

1. All voltages referenced to Vss- 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 

3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = IAt/AV. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


READ, WRITE, AND READ-MODIFY-WRITE CYCLES (See Notes 1, 2, 3, and 5) 


Parameter 

Synnbol 

MCM6257B-10 

MCMe257B-12 

MCM6257B-15 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

tRC 

190 

- 

220 

- 

260 

- 

ns 

4, 5 

Read-Write Cycle Time 

tRELREL 



- 

IBM 

- 


- 

ns 

IBI 

Read-Modify-Write Cycle Time 

fRELREL 

tRMW 


- 


- 


- 


mm 

Access Time from RAS 

tRELQV 

tRAC 

- 


- 

BKI 

- 



mm 

Access Time from CAS 

tCELQV 

tCAC 

- 

50 

- 


- 

■■ 


mm 

Output Buffer and Turn-Off Delay 

tCEHQZ 

tOFF 

5 

mm 

5 


5 

bb 


9 

RAS Precharge Time 

tREHREL 

tRP 



BSI 


IBB 

- 


- 

RAS Pulse Width 

tRELREH 




IKI 


bbi 



- 

^ Pulse Width 

tCELCEH 


50 

10,000 

IKB 

10,000 

75 


MM 

- 

RAS to CAS Delay Time 

fRELCEL 

tRCD 

mm 

50 

25 

60 

25 

75 


■Ell 

Row Address Setup Time 

tAVREL 


0 

- 

0 

- 

0 

- 

IQII 

- 

Row Address Hold Time 

fRELAX 


■B 

- 

15 

- 

15 

- 

ns 

- 

Column Address Setup Time 

tAVCEL 


0 

- 

0 

- 

0 

- 

MM 

- 

Column Address Hold Time 



20 

- 

25 

- 

30 

- 


- 



tAR 

mm 

- 

85 

- 

bbi 

- 

ns 

- 

Transition Time (Rise and Fall) 

tr 

n 

mm 


3 

50 

3 

50 

ns 

- 

Read Command Setup Time 

tWHCEL 


0 

- 

0 

- 

0 

- 

ns 

- 

Read Command Hold Time Referenced to CAS 

tCEHWX 

tRCH 

0 

- 

0 

- 

Klllllll 

- 

ns 

mm 

Read Command Hold Time Referenced to RAS 

fREHWX 

tRRH 

■a 

- 

mm 

- 

20 

- 

HQII 

mm 

Write Command Hold Time 

tCELWH 

tWCH 


- 


- 

IBH 

- 


- 

Write Command Hold Time Referenced to RAS 

tRELWH 

tWCR 

■■ 

- 

85 

- 

BBI 

- 


- 

Write Command Pulse Width 

tWLWH 

twp 


- 


- 


- 


- 

Write Command to RAS Lead Time 

tWLREH 

tRWL 


- 

IKi 

- 

45 

- 

bb 

- 

Write Command to CAS Lead Time 

tWLCEH 

tCWL 

mm 

- 

IQI 

- 


- 

IBI 

- 

Data in Setup Time 

tDVCEL 

tDS 


kb 



HQm 

bb 


mm 

Data in Hold Time 

tCELDX 

tDH 


- 

mm 

- 

30 

- 

^^B 

■a 

Data in Hold Time Referenced to RAS 

tRELDX 

tDHR 

70 

- 

85 

- 


- 

BSI 

- 

CAS to RAS Precharge Time 

tCEHREL 

tCRP 

■■ 

- 

10 

- 

■■ 

- 

BSI 

- 

RAS Hold Time 

tCELREH 

tRSH 

50 

- 

60 

- 

75 

- 

^^B 

- 

Refresh Period 



- 

4 

- 

4 

- 

4 

ms 

- 


(continued) 


NOTES: 

1. V|H min and V|l max are reference levels for measuring timing of input signals. Transition times are measured between V|h and V||_. 

2. An initial pause of 200 /is is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transmit between V|h and V|l (or between VjL and V|h) in a monotonic manner. 

4. The specifications for tpQ (min) and tpiyiyy (min) are used only to indicate cycle time at which proper operation over the full temperature 
range (0 °C<Ta^ 70°C) is assured. 

5. AC measurements tj = 5.0 ns. 

6. Assumes that tpcD^fRCD (max). 

7. Measured with a current load equivalent to 2 TTL (-200 /tA, -1-4 mA) loads and 100 pF with the data output trip points set at 
Vqh =2.0 V and VoL = 0.8 V. 

8. Assumes that tpcD^tRCD (max). 

9. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

10. Operation within the tpcD (max) limit ensures that tR/\C (max) can be met. tpcp (max) is specified as a reference point only; if tpQD is 
greater than the specified tpcD (max) limit, then access time is controlled exclusively by tCAC- 

11. Either tppH or fRCH rnust be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in random write cycles and to WRITE leading edge in delayed write or read-modify- 
write cycles. 
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READ, WRITE, AND READ-MODIFY-WRITE CYCLES (Continued) 


Parameter 

Symbol 

MCMe257B-10 

MCM6257B-12 

MCM6257B-15 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Write Command Setup Time 

tWLCEL 

twcs 

0 

- 

0 

- 

0 

- 

ns 

13 

CAS to Write Delay 

tCELWL 

tCWD 

30 

- 

40 

- 

50 

- 

ns 

13 

RAS to Write Delay 

IRELWL 

tRWD 

80 

- 

100 

- 

125 

- 

ns 

13 

CAS Hold Time 

tRELCEH 

tCSH 


- 

BE3li 

- 


- 

ns 

- 

CAS Precharge Time 

tCEHCEL 

tCPN 

15 

- 

11^91 

- 

wm 

- 

IQIIII 

- 

Nibble Mode Cycle Time 

tCEHCEH 

tNC 

50 

- 

60 

- 

70 

- 

ns 

- 

Nibble Mode Read- Write/ Read-Modify-Write 
Cycle Time 

tCEHCEH 

tNRWC 

75 

- 

90 

- 

105 

- 

ns 

- 

Nibble Mode Access Time 

tCELQV 

tNCAC 

25 , 

- 

30 

- 

40 

’ - 

ns 

- 

Nibble Mode ^ Pulse Width 

tCELCEH 

tNCAS 

25 

- 

30 

- 

40 

- 

ns 

- 

Nibble Mode CAS Precharge Time 

tCEHCEL 

tNCP 

15 

- 

20 

- 

20 

- 

ns 

- 

Nibble Mode R^ Hold Time (Read) 

tCELREH 

tNRRSH 

20 

- 

25 

- 

30 

- 

ns 

- 

Nibble Mode RAS Hold Time (Write) 

tCELREH 

tNWRSH 

40 

- 

45 

- 

50 

- 

[IQI 

- 

Nibble Mode CAS to Write Delay Time 

tCELWH 

tNCWD 


- 

30 

- 

40 

- 


- 

Nibble Mode Write Command to CAS Lead Time 

tWLCEH 

tNCWL 

20 

- 

25 

- 

30 

- 

ns 


CAS Hold Time for CAS Before RAS Refresh 

tRELCEH 

tCHR 

30 


30 

- 

30 

- 

ns 

- 

CAS Setup Time for CAS Before RAS Refresh 

tRELCEL 

tCSR 

10 


10 

- 

10 

- 

ns 

- 

CAS Precharge to CAS Active Time 

tREHCEL 

tRPC 

0 

- 

0 

- 

0 

- 

ns 

- 

CAS Precharge Time for CAS Before RAS 
Counter Test 

tCEHCEL 

tCPT 

40 

- ■ 

50 

- 

60 

- 

ns 

- 


NOTES: 

13. twCS' ICWD' tpwD 3'’® >^0^ restrictive operating parameters. They are included in the data sheet as electrical characteristics only; if 
tyvCS-tWCS (rnin), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire 
cycle; if tcwD-lCWD tpwD^tRWD (min), the cycle is read-write cycle and the data out will contain data read from the 

selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 


READ CYCLE TIMING 
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RAS 

CAS 

ADDRESSES 

Q (DATA OUT) 

W 

CAS 

ADDRESSES 

W 

Q (DATA IN) 

Q (DATA OUT) 


NIBBLE MODE READ CYCLE 



NIBBLE MODE WRITE CYCLE (EARLY WRITE) 



MOTOROLA MEMORY DATA 


2-20 





wMMMMmm 





MCM6257B 



MOTOROLA MEMORY DATA 


2-22 













MCM6257B 


DEVICE INITIALIZATION 

On power-up an Initial pause of 200 microseconds is required 
for the internal substrate generator pump to establish the cor- 
rect bias voltage. This is to be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initiali 2 e the 
various dynamic nodes internal to the device. During an ex- 
tended inactive state of the device (greater than 4 milliseconds 
with device powered up), the wake up sequence (8 active 
cycles) will be necessary to assure proper device operation. 

ADDRESSING THE RAM 

The nine address pins on the device are time multiplexed 
with two separate 9-bit address fields that are strobed at the 
beginning of the memory cycle by tw o clocks (active negative) 
called t he ro w address strobe (RAS) and the column address 
strobe (CAS). A total of eighteen address bits will decode one 
of the 262,144 cell locations in the device. The column address 
strobe follows the row address strobe by a specified minimum 
and maximum time called "tpcD/' which is the row to column 
strobe delay. This time interval is also referred to as the mul- 
tiplex window which gives flexibility to a system designer to 
set up his external addresses into the RAM. These conditions 
have to be met for normal read or write cycles. This initial 
portion of the cycle accomplishes the normal addressing of 
the device. There are, however, two other variations in ad- 
dressing the 256K RAM, one is called the RAS only refresh 
cycle (described later) where an 8-bit row ad dress field is pre- 
sented on the input pins and latched by the RAS clock. The 
most significant bit on Row Address A8 (pin 1) is not required 
for refresh. The other variation, which is called nibble mode, 
allows the user to access 4 bits serially. (See NIBBLE MODE 
section.) 

READ CYCLE 

A read cycle is referred to as a normal read cycle to differ- 
entiate it from a page mode read cycle, a read-whjle-write 
cycle, and read-modify-write cycle which are covered in a later 
section. 

The m emor y read cycle begins with the row addresses valid 
and the R AS clock transitioning from V|h to the V|l level. 
The CAS clock must also make a transition from V|h to the 
V|L level at the specified tRCD ti ming limit s wh en the Column 
addresses are latched. Both the RAS and CAS clocks trigger 
a sequence of events which are controlled by several delayed 
internal clocks. Also, these clocks are linked in such a manner 
that the access time of the device is independent of the ad dress 
multiplex window. The only stipulation is that the CAS clock 
must be active before or at the tpcp max imum specification 
for an access (data valid) from the RAS clock edge to be 
guaranteed (tRAC^- fRCD max imum condition is not 
met, the access (tcAC) ^rom the CAS clock ac tive t ransition 
will determine read acce ss tim e. The external CAS signal is 
ignored until a n inte rnal RAS signal is available. This gating 
feature on the CAS clock will allovy the external CAS signal 
to become active as soon as the row address hold time (tRAH) 
specification has been met and defines the tRCD minimum 
specification. The time difference between tRCD minimum and 
tRCD maximum can be used to absorb skew delays in switch- 
ing the address bus from row to column addresses and in 
generating the CAS clock. 


Once the clocks have become active, t hey m ust stay active 
for the minimum (tRAS^ period for t he RAS clo ck an d the 
minimum (tCAS^ period for the CAS clock. The RAS clock 
must stay inactive for the minimum (tRp) time. The former is 
for the completion of the cycle in progress, and the latter is 
for the device Internal circuitry to be precharged for the next 
active cycle. 

Data out is not latched and is valid as long as the CAS clock 
is a ctive; the output will switch to the three-state mode when 
the C^ clock goes inactive. To perform a read cycle, the 
writ e (W ) Input must be held at the V|h level from the time 
the CAS clock makes its active transition (tRCs) fo the time 
when it transitions into the inactive (tRCH) nnode. 

WRITE CYCLE 

A write cycle is similar to a read cycle except that the Write 
(W) clock must go active (V|l level) at or before the CAS clock 
goes active at a minimum tyycs t'^f^e. If the above condition 
is met, then the cycle in progress is referred to as an early 
write cycle. In an early write cycle, the write clo ck an d the 
data in are referenced to the active transition of the CAS clock 
edge. There are two important parameters with respect to the 
write cycle: the column strobe to write lead time (tcWL^ 
the row strobe to write l ead t ime (tRWL)- These define the 
minimum time that RAS and CAS clocks need to be active 
after the write operation has started (W clock at V|l level). 

It is also possible to perform a late write c ycle. For this cycle 
the write clock is activated after the CAS goes low which is 
beyond tyvcs nninimum time. Thus the parameters tcWL and 
tRWL niust be satisfied before terminating this cycle. The 
difference between an early write cycle and a late write cycle 
is that in a late write cycle the write (W) clock can occur much 
later in time with respect to the active transition of the CAS 
clock. This time could be as long as 10 microseconds — 
ttRWL + tRP + 2tT]. 

At the start of an early write cycle, the data out is in a high 
impedance condition and remains inactive throughout the 
cycle. The data out remains three-state be cause the active 
transition of the write (W) clock prevents the CAS clock from 
enabling the data-out buffers. The three-state condition (high 
impedance) of the data out pin during a write cycle can be 
effectively utilized in systems that have a common input/out- 
put bus. The only stipulation is that the system use only early 
write mode operations for all write cycles to avoid bus 
contention. 

READ-MODIFY-WRITE AND READ-WHILE-WRITE 
CYCLES 

As the name implies, both a read and a write cycle are 
accomplished at a selected bit during a single access. The 
read-modify-write cycle is similar to the late write cycle dis- 
cussed above. 

For the read-modify-write cycle a normal read cycle is ini- 
tiated with the write (W) clock at the V|h level until the read 
data occurs at the device access time (tRAC^- At this time the 
write (W) clock is asserted. The data in is setup and held with 
respect to the active edge of the write clock. The cycle de- 
scribed assumes a zero modify time between read and write. 

Another variation of the read-modify-write cycle Is the read- 
whlle-write cycle. For this cycle, tcwD an important 
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role. A read-while-write cycle starts as a normal read cycle 
with the write (W) clock being asserted at minimum tcwD 
time, depending upon the application. This results in starting 
a write operation to the selected cell even before data out 
occurs. The minimum specification on tcWD assures that data 
out does occur. In this case, the data in is set up with respect 
to write (W) clock active edge. 

NIBBLE MODE 

Nibble mode allows high speed serial read, write, or read- 
modify-write access of 2, 3, or 4 bits of data. The bits of data 
that may be accessed during nibble mode are determined by 
the 8 row addresses and the 8 column addresses. The 2 bits 
of addresses (CA8, RA8) are used to select 1 of the 4 nibble 
bits for initial access. After the first bit is accessed by the 
normal mode, the remaining nibble bits may be accessed by 
toggling CAS "high" then "low" while RAS remains "low". 
Toggling CAS causes RA8 and CA8 to be incremented inter- 
nally while all other address bits are held constant and makes 
the next nibble bit available for access. 

If more than 4 bits are accessed during nibble mode, the 
address sequence will begin to repeat. If any bit is written 
during nibble mode, the new data will be read on any sub- 
sequent access. If the write operation is executed again on 
subsequent access, the new data will be written into the se- 
lected cell location. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to 
degrade with time and temperature. Therefore, to retain the 
correct information, the bits need to be refreshed at least once 
every 4 milliseconds. This is accomplished by sequentially cy- 
cling through the 256 row address locations every 4 millise- 
conds, (i.e., at least one row every 15.6 microseconds like the 
64K dynamic RAM). A normal read or write operation to the 
RAM will serve to refresh all the bits (1024) associated with 
the particular rows decoded. 

RAS-Only Refresh 

In this refresh method, the system must perform a RAS- 
only cycle on 256 row addresses every 4 m illiseconds. The 
row addresses are latched in with the RAS clock, and the 


associated in terna l row locations are refreshed. As the heading 
implies, the CAS clock is not required and must be inactive 
or at a V|H level. 

CAS Before RAS Refresh 

This refresh cycle is initiated when RAS falls, after CAS has 
been low (by tcSR^- This activates the Internal refresh counter 
which generates the address to be refreshed. Externally applied 
addresses are ignored during the automatic refresh cycle. If 
the output buffer was off before the automatic refresh cycle, 
the output will s tay in the high impedance state. If the output 
was enabled by CAS in the previous cycle, the data out will 
be m aintained during the automatic refresh cycle as long as 
CAS is held active (hidden refresh). 

Hidden Refresh 

The hidden refresh method allows refresh cycles to be per- 
formed while maintaining valid d ata at the output pin. Hi dden 
refresh is performed by holding CAS at V|l and taking RAS 
hi gh an d after a sp ecified precharge period (tpp), executing 
a CAS before RAS refresh cycle. (See Figure 1.) 

CAS BEFORE RAS REFRESH COUNTER TEST 

The in ternal refres h operation of MCM6257B can be tested 
by CAS before RAS refresh counter test. This cycle performs 
read/write operation taking the internal counter address as 
row address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS 
cycles as initialization cycles. The test procedure is as follows. 

1 . Write a "0" into all memory cells. 

2. Select any column address and read the "0"s written in 
step 1. Write a "1" i nto eac h cell of the selected column 
by performing CAS before RAS Refresh Counter Test 
Read-Write Cycle (see timing diagram). Repeat 256 times. 

3. Read the "1"s (use a normal read mode) written in step 

2 . 

4. Select the same column address as step 2, r ead th e "1 "s 
and w rite a "0" into each cell by performing CAS before 
RAS Refresh Counter Test Read-Write Cycle (see timing 
diagram). Repeat 256 times. 

5. Read the "0"s (use a normal read mode) written In step 
4. 

6. Repeat steps 1 through 5 using complement data. 
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Figure 1. Hidden Refresh Cycle 
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Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 6257B X 



XX 


I 


Speed (10 = 100 ns, 12 = 120 ns, 15= 150 ns) 


Package (P = Plastic) 


Full Part Numbers- MCM6257BP10 
MCM6257BP12 
MCM6257BP15 
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This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-1 to -t-7 

V 

Voltage Relative to Vss Any Pin Except V^c 

Vin, Vout 

-1 to -1-7 

V 

Data Out Current 

•out 

50 

mA 

Power Dissipation 

pd 

600 

mW 

Operating Temperature Range 

Ta 

0 to +70 

°C 

Storage Temperature Range 

Istg 

-55 to -1-150 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad^ 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped- 
ance circuit. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

1 

Vss 

0 

0 

0 

V 

1 

Input High Voltage, All Inputs 

V|H 

2.4 

- 

6.5 

V 

1 

Input Low Voltage, All Inputs 

V|L 

-1.0 


0.8 

V 

1 


DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vcc Power Supply Current 

•cci 



mA 

2 

MCM41464A-10, tRC=190 ns 


— 

80 



MCM41464A-12, tRC = 220 ns 


- 

72 



MCM41464A-15, tRC = 260 ns 


- 

65 



Vcc Power Supply Current (Standby) (RAS = CAS = V|h) 

•CC2 

- 

5.0 

mA 


Vcc Power Supply Current During RAS only Refresh Cycles (CAS = V|h) 

ICC3 



mA 

2 

MCM41464A-10, tRC = 190 ns 


— 

70 



MCM41464A-12, tRC = 220 ns 


- 

62 



MCM41464A-15, tRC = 260 ns 


- 

55 



Vcc Power Supply Current During Page Mode Cycle (RAS = V|l) 

'CC4 



mA 

2 

MCM41464A-10, tpc = 100 ns 


— 

70 



MCM41464A-12, tpc = 120 ns 


- 

55 



MCM41464A-15, tpc = 145 ns 


- 

50 



Vcc Power Supply Current During CAS Before RAS Refresh 

'CC5 



mA 

2 

MCM41464A-10, tRc=190 ns 


— 

70 



MCM41464A-12, tRC = 220 ns 


- 

62 



MCM41464A-15, tRC = 260 ns 


- 

55 



Input Leakage Current (Vss<Vjn<Vcc) 

•ika(l) 

-10 

10 

mA 


Output Leakage Current (CAS at Logic 1, Vss < Vout <Vcc) 

•ika(O) 

-10 

10 

/iA 


Output High Voltage (loH= “5 mA) 

VOH 

2.4 

- 

■ 'V 


Output Low Voltage (Iol= 4-2 mA) 

O 

> 

- 

0.4 

V 



CAPACITANCE (f=1.0 MHz, Ta = 25°C, Vcc = 5 V, Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Max 

Unit 

Notes 

Input Capacitance A0-A7, D 

W 

Cin 

5 

PF 

3 

7 

pF 

3 

Output Capacitance (CAS = V|h to Disable Output) Q 

Cout 

7 

pF 

3 


NOTES: 

1. All voltages referenced to Vss- 

2. Current is a function of cycle rate and output loading; maximum current Is measured at the fastest cycle rate with the output open. 

3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation; C = IAt/AV. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


READ, WRITE, AND READ-MODIFY-WRITE CYCLES (See Notes 1, 2, 3, and 5) 


Parameter 

Symbol 

MCM41464A-10 

MCM41464A-12 

MCM41464A-15 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

tRC 

190 


220 


260 

- 

ns 

4, 5 

Read-Modify-Write Cycle Time 

tRELREL 

tRMW 

260 

- 

300 

- 

355 

- 

ns 

4, 5 

Access Time from RAS 

tRELQV 

fRAC 

- 

100 

- 

120 

- 

150 

ns 

6, 7 

Access Time from CAS 

tCELQV 

tCAC 

- 

50 

- 

60 

- 

75 

ns 

7, 8 

Output Buffer and Turn-Off Delay 

tCEHQZ 

tOFF 

0 

30 

0 

35 

0 

40 

ns 

9 

RAS Precharge Time 

tREHREL 

tRP 

80 

- 

90 

- 

100 

- 

ns 

- 

^ Pulse Width 

tRELREH 

tRAS 

100 

10,000 

120 

10,000 

150 

10,000 

ns 

- 

CAS Pulse Width 

fCELCEH 

tCAS 

50 

10,000 

50 

10,000 

75 

10,000 

ns 

- 

RAS to CAS Delay Time 

fRELCEL 

tRCD 

20 

50 

25 

60 

25 

75 

la 

■a 

Row Address Setup Time 

fAVREL 

tASR 

0 

- 

0 

- 

0 

- 


- 

Row Address Hold Time 

tRELAX 

fRAH 

10 

- 

15 

- 

15 

- 

noon 

- 

Column Address Setup Time 

tAVCEL 

tASC 

0 

- 

0 

- 

0 

- 

ns 

- 

Column Address Hold Time 

tCELAX 

fCAH 

20 

- 

25 

- 

35 

- 


- 

Column Address Hold Time Referenced to RAS 

tRELAX 

tAR 

70 

- 

85 

- 

110 

- 

ns 

- 

Transition Time (Rise and Fall) 

tr 

tr 

3 

50 

3 

50 

3 

50 


- 

Read Command Setup Time 

tWHCEL 


0 

- 

0 

- 


- 


- 

Read Command Hold Time 

tCEHWX 

KR!H 

0 

- 

0 

- 

0 

- 


ni 

Read Command Hold Time Referenced to RAS 

tREHWX 



- 

15 

- 

20 

- 

ISIIf 

mm 

Write Command Hold Time Referenced to CAS 

tCELWH 

tWCH 


- 

35 

- 

K9I 

- 


- 

Write Command Hold Time Referenced to RAS 

tRELWH 

tWCR 

80 

- 

95 

- 

120 

- 


- 

Write Command Pulse Width 

tWLWH 

twp 

30 

- 

35 

- 

45 

- 



Write Command to RAS Lead Time 

tWLREH 



- 

35 

- 

45 

- 


■ 

Write Command to CAS Lead Time 

tWLCEH 


30 

- 

1^1 

- 

45 

- 



Data in Setup Time 


tDS 

0 

mi 

IQH 

IBHi 


im 

m 

mm 

Data in Hold Time 



30 

- 

35 

- 


- 


mm 

Data in Hold Time Referenced to RAS 

tRELDX 

fDHR 

80 

- 

95 

- 


- 

m 

- 

CAS to RAS Precharge Time 

tCEHREL 

tCRP 

10 

- 

10 

- 

10 

- 

ns 

- 

RAS Hold Time 

tCELREH 

tRSH 

50 

- 

60 

- 

75 

- 

ns 

- 

Refresh Period 

tRVRV 

fRFSH 

- 

4 

- 

4 

- 

4 

ms 

- 


(continued) 


NOTES: 

1. ViH min and V|l max are reference levels for measuring timing of input signals. Transition times are measured between V|h and V|l. 

2. An initial pause of 200 /is is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transmit between V|h and V|l (or between V|l and V|h) in a monotonic manner. 

4. The specifications for tpc (min) and tp^W (niin) are used only to indicate cycle time at which proper operation over the full temperature 
range (0 °C<Ta^ 70°C) is assured. 

5. AC measurements tj = 5.0 ns. 

6. Assumes that tpcD-^RCD (niax)- 

7. Measured with a current load equivalent to 2 TTL (-200 /tA, +4 mA) loads and 100 pF with the data output trip points set at 
Voh=2.0 Vand VoL = 0.8 V. 

8. Assumes that tpcD^tRCD <^3x). 

9. tOFF (niax) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

10. Operation within the tpcQ (max) limit ensures that tp/^c (nriax) can be met. tpcD (max) is specified as a reference point only; if tpcp 
greater than the specified tpcD (max) limit, then access time is controlled exclusively by tCAC- 

11. Either tppH or tpcH must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in random write cycles and to WRITE leading edge in delayed write or read-modify- 
write cycles. 
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READ, WRITE, AND READ-MODIFY-WRITE CYCLES (Continued) 


Parameter 

Symbol 

MCM41464A-10 

MCM41464A-12 

MCM41464A-15 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Write Command Setup Time 

tWLCEL 

twcs 

0 

- 

0 

- 

0 

- 

ns 

13 

CAS to Write Delay 

tCELWL 

tCWD 

85 


100 

- 

120 

- 

ns 

13 

RAS to Write Delay 

IRELWL 

tRWD 

135 

- 

160 

- 

195 

- 

ns 

13 

CAS Hold Time 

IRELCEH 

tCSH 

100 

- 

120 

- 

150 

- 

ns 

- 

CAS Precharge Time 

tCEHCEL 

tCPN 

20 

- 

20 

- 

25 

- 

ns 

- 

CAS Precharge Time (Page Mode Cycle Only) 

tCEHCEL 

tCP 

40 

- 

50 

- 

60 

- 

ns 

- 

Page Mode Cycle Time 

ICELCEL 

tpc 

100 

- 

120 

- 

145 

- 

ns 

- 

G Access Time 

IGLQV 

tGA 

- 

25 

- 

30 

- 

40 

ns 

- 

G to Data Delay 

IGHDX 

IGD 

25 

- 

30 

- 

40 

- 

ns 

_ 

Output Buffer Turn-off Delay Time from G 

tGHQZ 

tGZ 

0 

25 

0 

30 

0 

40 

ns 

- 

G Command Hold Time 

tWLGH 

IGH 

25 

- 

30 

- 

40 

- 

ns 

- 

RAS Hold Time Referenced to G 



10 

- 

10 

- 

10 

- 

ns 

- 

CAS Hold Time for CAS Before RAS Refre^ 

tRELCEH 

tCHR 

30 

- 

30 

- 

30 

- 

ns 

- 

CAS Setup Time for CAS Before RAS Refresh 

tRELCEL 

tCSR 

10 

- 

10 

- 

10 

- 

ns 

- 

CAS Precharge to CAS Active Time 

tREHCEL 

IRPC 

0 

- 

0 

- 

0 

- 

ns 

- 

CAS Precharge Time for CAS Before RAS 
Counter Test 

tCEHCEL 

tCPT 

20 

- 

50 

- 

60 

- 

ns 

- 


NOTES: 

13. twcs» ^CWD' 3nd tpvVD S'"® restrictive operating parameters. They are included in the data sheet as electrical characteristics only; if 
tyy/cs^^CS the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire 
cycle; if tcvy/D^^tCWD tRWD>tRWD (min), the cycle is read-write cycle and the data out will contain data read from the 

selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 


READ CYCLE 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator pump to establish the cor- 
rect bias voltage. This is to be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize the 
various dynamic nodes internal to the device. During an ex- 
tended inactive state of the device (greater than 4 milliseconds 
with device powered up), the wake up sequence (8 active 
cycles) will be necessary to assure proper device operation. 

ADDRESSING THE RAM 

The eight address pins on the device are time multiplexed 
with two separate 8-bit address fields that are strobed at the 
beginning of the memory cycle by two clocks (active negative) 
called t he row address strobe (RAS) and the column address 
strobe (CAS). A total of 16 address bits will decode one of 
the 65,536 cell locations in the device. The column address 
strobe follows the row address strobe by a specified minimum 
and maximum time called "tpcD' ^ which is the row to column 
strobe delay. This time interval is also referred to as the mul- 
tiplex window which gives flexibility to a system designer to 
set up his external addresses into the RAM. These conditions 
have to be met for normal read or write cycles. This initial 
portion of the cycle accomplishes the normal addressing of 
the device. There are, howeve r, oth er variations in add ressing 
the R AM, the refresh modes (RAS only refresh; CAS before 
RAS refresh; hidden refresh), another mode called page mode 
allows the user to column access the 256 bits within a selected 
row. The refresh mode and page mode operations are de- 
scribed in more detail later on. 

READ CYCLE 

A read cycle is referred to as a normal read cycle to differ- 
entiate it from a page mode read cycle, a read-while-write 
cycle, and read-modify-write cycle which are covered in a later 
section. 

The m emor y read cycle begins with the row addresses valid 
and the R AS clock transitioning from V|h to the V|i_ level. 
The CAS clock must also make a transition from V|h to the 
V|L level at the specified tpcD timing limits when the column 
addresses are latched. Both the RAS and CAS clocks trigger 
a sequence of events which are controlled by several delayed 
internal clocks. Also, these clocks are linked in such a manner 
that the access time of the device is independent of t he ad dress 
multiplex window. The only stipulation is that the CAS clock 
must be active before or at the tpcp max imum specification 
for an access (data valid) from the RAS clock edge to be 
guaranteed (tpAC^- fRCD maximum condition is not 

met, the access (tcAC) CAS clock ac tive t ransition 

will determine read acce ss tim e. The external CAS signal is 
ignored until a n inte rnal RAS signal is available. This gating 
feature on the CAS clock will allow the external CAS signal 
to become active as soon as the row address hold time (tpAH^ 
specification has been met and defines the tpcD minimum 
specification. The time difference between tpcD minimum and 
tRCD maximum can be used to absorb skew delays in switch- 
ing the address bus from row to column addresses and in 
generating the CAS clock. 

Once the clocks have become active, t hey m ust stay active 
for the minimum (tpAS^ period for the RAS clock and the 


minimum (tCAS^ Period for the CAS clock. The RAS clock 
must stay inactive for the minimum (tpp) time. The former is 
for the completion of the cycle in progress, and the latter is 
for the device internal circuitry to be precharged for the next 

active cycle. 

Data out is not latched and is valid as long as the CAS and 
G clocks are active; the o utput will switch to the three-state 
mode when either the CAS or G clock goes inactive. To perform 
a read cycle, the write (W) input must be held at the V|h level 
from the time the CAS clock makes its active transition (tRCS^ 
to the time when it transitions into the inactive (tRCH^ rnode. 


WRITE CYCLE 

_A write cycle is similar to a read cycle except tha t the Write 
(W) clock must go active (V|i_ level) at or before the CAS clock 
goes active at a minimum twcS f'rn©- l^ the above condition 
is met, then the cycle in progress is referred to as an early 
write cycle. In an early write cycle, the write clock and the 
data in are referenced to the active transition of the CAS clock 
edge. There are two Important parameters with respect to the 
write cycle; the column strobe to write lead time (tpWL^ 
the row strobe to write l ead t ime (tRWL)- These define the 
minimum time that RAS and CAS clocks need to be active 
after the write operation has started (W clock at V|l level). 

It is also possible to perform a late write cycle. For this cycle 
the write clock is activated after the CAS goes low which is 
beyond tyvCS minimum time. Thus the parameters tcwL 
fRWL must be satisfied before terminating this cycle. The 
difference between an early write cycle and a late write cycle 
is that in a late write cycle the write (W) clock can occur much 
later in time with respect to the active transition of the CAS 
clock. This time could be as long as 10 microseconds — 
[tRWL + tRP + 2tT]. 

In a late write or a ready-modify-write cycle, G must be at 
the V||-| level to bring the output buffers to high impedance 
prior to data-in being valid. 

At the start of an early write cycle, the data out is in a high 
impedance condition and remains inactive throughout the 
cycle. The data out r^ains three-state be cause the active 
transition of the write (W) clock prevents the CAS clock from 
enabling the data-out buffers. The three-state condition (high 
impedance) of the data out pin during a write cycle can be 
effectively utilized In systems that have a common input/out- 
put bus. The only stipulation is that the system use only early 
write mode operations for all write cycles to avoid bus 
contention. 


READ-MODIFY-WRITE CYCLE 

As the name implies, both a read and a write cycle are 
accomplished at a selected bit during a single access. The 
read-modify-write cycle is similar to the late write cycle dis- 
cussed above. 

For the read-modify-write cycle a normal read cycle is ini- 
tiated with the write (W) clock at the V|h level until the read 
data occurs at the device access time (tRAC)’ At this time the 
write (W) clock is asserted. The data in is setup and held with 
respect to the active edge of the write clock. The cycle de- 
scribed assumes a zero modify time between read and write. 
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PAGE-MODE CYCLES 

Page mode operation allows fast successive data operations 
at the 256 colu mn loc ations. Page access (tCAC^ 's typically 
half the regular RAS clock access (tpAC) Motorola 

256K dynamic RAM. Page mode operation consists of holding 
the RAS clock active while cycling the CAS clock to access 
the column locations determined by the 8-bit column address 
field. 

The page cycle is always i nitiate d with a row address being 
provided and latc hed b y the RAS clock, followed by the col- 
umn address and CAS clock. From the timing illustrated, the 
initial cycle is a normal read or write cycle, th at ha s been 
previously descr ibed, followed by the shorter CAS cycles 
(tpc)- The CAS cycle ti me ( tpc) consists of the CAS clock 
active time (tCAS^' precharge time (tcp) and 

two transitions. In addition to read and write cycles, a read- 
modify-write cycle can also be performed in a page mode 
operation. For a read-modify-write cycle, the conditions nor- 
mal to that mode of operation will apply in the page mode 
also. In practice, any combination of read, write and read- 
modify-write cycles can be performed to suit a particular 
application. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to 
degrade with time and temperature. Therefore, to retain the 
correct information, the bits need to be refreshed at least once 
every 4 milliseconds. This is accomplished by sequentially cy- 
cling through the 256 row address locations every 4 millise- 
conds, (l.e., at least one row every 15.6 microseconds). A 
normal read or write operation to the RAM will serve to refresh 
all the bits associated with the particular rows decoded. 

RAS-Only Refresh 

In this refresh method, the system must perform a RAS- 
only cycle on 256 row addresses ev ery 4 milliseconds. The row 
addresses are latched in with the RAS clock, and the asso- 
ciated inter nal ro w locations are refreshed. As the heading 
Implies, the CAS clock is not required and must be inactive 
or at a V|H level. 


CAS Before RAS Refresh 

CAS before RAS refreshing availab le on the MCM41464A 
offers an alternate refresh method. If CA S is held on low for 
the specified period (tcSR) before RAS goes to low, on chip 
refresh control clock generators and the refresh address 
counter are enabled, and an internal refresh operation takes 
place. 

After the refresh operation is performed, the refresh address 
counter is automatically incremented In preparation for the 
next CAS before RAS refresh operation. 

Hidden Refresh 

An optional feature of the MCM41464A is that refresh cycle 
may be performed while maintaining valid data at the output 
pin. This is referred to as H idden Refresh. Hidden Refresh is 
performed by holding CAS at V|l and taking RAS high and 
after a spec ified precharge period (tpp), executing a CAS 
before RAS refresh cycle, (see Figure 1 below) 

BEFORE Ms REFRESH COUNTER TEST 

The in ternal refres h operation of MCM41464A can be tested 
by CAS before RAS refresh counter test. This cycle performs 
read/write operation taking the internal counter address as 

row address and the input address as colu mn ad dress. 

The test is performed after a minimum of 8 CAS before RAS 
cycles as initialization cycles. The test procedure is as follows. 

1 . Write a " 0 " Into all memory cells. 

2. Select any column address and read the "0"s written In 
step 1. Write a "1" Into each cell of the selected column 
by performing CAS before RAS Refresh Counter Test 
Read-Write Cycle (see timing diagram) . Repeat 256 times. 

3. Read the "1"s (use a normal read mode) written in step 

2 . 

4. Select the same column address as step 2, read the “1"s 
and w rite a "0" into each cell by performing CAS before 
RAS Refresh Counter Test Read-Write Cycle (see timing 
diagram). Repeat 256 times. 

5. Read the "0"s (use a normal read mode) written in step 
4. 

6. Repeat steps 1 through 5 using complement data. 



MEMORY CYCLE 

REFRESH CYCLE 

REFRESH CYCLE 





J \ 
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/ 
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\ 


Figure 1. Hidden Refresh Cycle 
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Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 41464A X XX 

X X T I 


Full Part Numbers-MCM41464AP10 
MCM41464AP12 
MCM41464AP15 


Speed— 10=100 ns, 12= 120 ns, 
15=150 ns 


Package— P = Plastic 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Advance Information 

IMxl CMOS Dynamic RAM 

The MCM511000A is a 1.0/i CMOS high-speed, dynamic random access memory. It is 
organized as 1 ,048,576 one-bit words and fabricated with CMOS silicon-gate process 
technology. Advanced circuit design and fine line processing provide high performance, 
improved reliability, and low cost. 

The MCM511000A requires only 10 address lines; row and column address inputs are 
multiplexed. The device is packaged in a standard 300-mil dual-in-line plastic package 
(DIP), a 300-mil J-lead small outline package, and e 100-mii zig-zag in-line package (ZIP). 

• Three-State Data Output 

• Early- Write Common I/O Capability 

• Fast Page Mode Capability 

• Test Mode Capability 

• TTL- Compatible Inputs and Output 

• RAS Only R efresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 512 Cycle Refresh: MCM511000A = 8 ms 

MCM51L1000A = 64ms 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tpAC^- 

MCM511000A-70 and MCM51L1000A-70 = 70 ns (Max) 

MCM511000A-80 and MCM51L1000A-80=80 ns (Max) 

MCM511000A-10 and MCM51L1000A-10 = 100 ns (Max) 

• Low Active Power Dissipation: 

MCM511000A-70 and MCM51L1000A-70 = 440 mW (Max) 

MCM511000A-80 and MCM51l.1000A-80 = 385 mW (Max) 

MCM511000A-10 and MCM51L1000A-10 = 330 mW (Max) 

• Low Standby Power Dissipation: 

MCM511000A and MCM51L1000A = 11 mW (Max, TTL Levels) 

MCM511000A = 5.5 mW (Max, CMOS Levels) 

MCM51L1000A=1.1 mW (Max, CMOS Levels) 


MCM511000A 

MCM51L1000A 



P PACKAGE 
PLASTIC 
CASE 707A 


J PACKAGE 
PLASTIC 
SMALL OUTLINE 
CASE 822 


Z PACKAGE 
PLASTIC 
ZIG-ZAG IN-LINE 
CASE 836 


PIN NAMES 1 

A0-A9 . 


D . . . . 


Q . . . . 


W 


. . 


^ . . 

. . . Column Address Strobe 

vcc • • 

Power ( + 5 V) 

vss • • 


TF. . . . 


NC . . . 




ZIG-ZAG IN-LINE 


PIN 

ASSIGNMENT 


DUAL-IN-LINE 


D[ 

1 • 

18 

w[ 

2 

17 

m[ 

3 

16 

TF[ 

4 

15 

AQ[ 

5 

14 

A1[ 

6 

13 

A2[ 

7 

12 

A3[ 

8 

11 

vcc[ 

9 

10 


]Q 

]CAS 

]A9 

]A8 

]A7 

]A6 

]A5 

]A4 


SMALL OUTLINE 


A9 


W[ 

m[ 

TF[ 

NC[ 


1 

26 

Jvss 

u 

2 

25 

]Q 

0 

3 

24 

ICAS 

Ms 

4 

23 

]nc 


5 

22 

]A9 

NC 

9 

18 

]A8 

AO 

A2 

10 

17 

lA7 

Vcc 

11 

16 

1A6 

A5 

12 

15 

lA5 

A7 

13 

14 

]A4 


VSS 

w 

TF 

NC 

A1 

A3 

A4 

A6 

A8 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM511000A* MCM51 L1000A 



This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped- 
ance circuit. 


NOTE: Permanent device damage may occur If ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-1 to +7 

V 

Voltage Relative to Vss 'fo*' Any Pin Except Vqc 

Vin» Vout 

-1 to +7 

V 

Test Function input Voltage 

Vin(TF) 

-1 to +10.5 

V 

Data Out Current 

•out 

50 

mA 

Power Dissipation 

pd 

600 

mW 

Operating Temperature Range 

ta 

Oto +70 

°C 

Storage Temperature Range 

'*'stg 

-55 to +150 

°C 


MOTOROLA MEMORY DATA 


2-40 



















MCM511000A* MCM51 L1000A 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

1 

Vss 

0 

0 

0 

Logic High Voltage, All Inputs 

V|H 

2.4 

- 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

V|L 

-1.0 

- 

0.8 

V 

1 

Test Function Input High Voltage 



- 

10.5 

V 

1 

Test Function Input Low Voltage 

1 V|L(TF) I 

1 -1-0 1 

- 


V 

1 


DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vcc Power Supply Current 

•cci 



mA 

2 

MCM511000A-70 and MCM51L1000A-70, tRc = 130 ns 


— 

80 



MCM511000A-80 and MCM51L1000A-80, tRc= 150 ns 


- 

70 



MCM511000A-10 and MCM51L1000A-10, tRc = 180 ns 


- 

60 



Vcc Power Supply Current (Standby) (RAS = CAS = V|h) 

'CC2 

- 

2.0 

mA 


Vcc Power Supply Current During RAS only Refresh Cycles (CAS = V|h) 

ICC3 



mA 

2 

MCM511000A-70 and MCM51L1000A-70, tRC = 130 ns 


— 

80 



MCM511000A-80 and MCM51L1000A-80, tRc = 150 ns 


— 

70 



MCM511000A-10 and MCM51L1000A-10, tRc=180 ns 


- 

60 



Vcc Power Supply Current During Fast Page Mode Cycle (RAS=Vn_) 

'CC4 



mA 

2 

MCM511000A-70 and MCM51L1000A-70, tpc = 40 ns 


— 

60 



MCM511000A-80 and MCM51L1000A-80, tpc = 45 ns 


- 

50 



MCM511000A-10 and MCM51L1000A-10, tpc = 55 ns 


- 

40 



Vcc Power Supply Current (Standby) (RAS =^ = Vcc -0.2 V) MCM511000A 

ICC5 

- 

1.0 

mA 


MCM51L1000A 


- 

200 



Vcc Power Supply Current During CaS Before RAS Refresh Cycle 

ICC6 



mA 

2 

MCM511000A-70 and MCM51L1000A-70, tRC = 130 ns 


— 

80 



MCM511000A-80 and MCM51L1000A-80, tRc = 150 ns 


- 

70 



MCM511000A-10 and MCM51L1000A-10, tRc = 180 ns 


- 

60 



Vcc Power Supply Current, Battery Backup Mode— MCM51L1000A only 

ICC7 

■^911 




(tRc = 125 fis; tRAS = 1 ms min; CAS = CAS Before RAS Cycle or 0.2 V; A0-A9, W, 






D=Vcc- 0.2 Vor 0.2 V) 


IHI 



HH 

Input Leakage Current (Except TF) (0 V<Vjn<6.5 V) 


-10 

10 

■Ql 


Input Leakage Current (TF) (0 VsVjn(TF)-VcC + 0.5 V) 

*lkg(l) 


10 

liW 




-10 

10 


nmm 

Test Function Input Current (Vcc + 4.5 V^V|n(TF)=£l0.5 V) 

lin(TF) 

- 

1 


ibh 

Output High Voltage (loH= “5 mA) 

VOH 

2.4 

- 

V 


Output Low Voltage (Iol = 4.2 mA) 

VOL 

- 

0.4 

V 



CAPACITANCE (f=1.0 MHz, Ta=25°C, Vcc = 5 V, Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Max 

Unit 

Notes 

Input Capacitance A0-A9, D 

R^, CSS, W, TF 

C|n 

5 

PF 

3 

7 

PF 

3 

Output Capacitance (CAS = V|h to Disable Output) Q 

Cout 

7 

pF 

3 


NOTES: 

1. All voltages referenced to Vss- 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 

3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = IAt/AV. 
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MCM511000A* MCM51 L1000A 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta= 0 to 70°C, Unless Otherwise Noted) 

READ, WRITE, AND READ-MODIFY-WRITE CYCLES (See Notes 1, 2, 3, 4, and 5) 


Parameter 

Symbol 

MCM511000A-70 

MCM51L1000A-70 

MCM511000A-aO 

MCM51L1000A-80 

MCM511000A-10 

MCM51L1000A-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

tRC 

130 

- 

150 

- 

180 

- 

ns 

6 

Read-Write Cycle Time 

tRELREL 

tRWC 

155 

- 


- 


- 


6 



tpc 

40 

- 

mm 

- 

IBI 

- 




tCELCEL 

tpRWC 

Bi 

- 

70 

- 

85 

- 



Access Time from RAS 

tRELQV 

tRAC 

- 

70 

- 

80 

- 

100 


BM 

Access Time from CA$ 

tCELQV 

tCAC 

- 

20 

- 

20 

- 

25 



Access Time from Column Address 

tAVQV 

tAA 

_ 

35 

- 

40 

- 

50 

39 

BQj 

Access Time from Precharge ?IA§ 



- 


- 

40 

- 

50 


7 




0 

- 

0 

- 

0 

- 


7 

Output Buffer and Turn-Off Delay 

tCEHQZ 

tOFF 

0 

1111031 

0 

IBS 

^011311 

IBII 


mm 

Transition Time (Rise and Fall) 

tr 

n 

3 

50 

3 

50 

3 

50 



RA$ Precharge Time 

tREHREL 

tRP 

1^111 

- 

60 

- 


- 



RA§ Pulse Width 




KHfggil 

80 


BiJl 




RAS Pulse Width (Fast Page Mode) 

tRELREH 

tRASP 

70 

dSESSI 

80 


BSi 

100,000 

ns 


RSS Hold Time 

tCELREH 

tRSH 

20 

- 

20 

- 

rai 

- 




tRELCEH 


70 

- 

80 

- 

UBI 

- 

^^3 


^ Pulse Width 

tCELCEH 



BOSH 

20 


IB 

BESS 



RAS to CAS Delay Time 

tRELCEL 



50 

20 


25 

75 


mm 

RAS to Column Address Delay Time 



■ai 

35 

15 

mm 

3QIII 

50 

^^3 

mm 

CAS to RAS Precharge Time 

tCEHREL 

tCRP 

5 

- 

5 

- 

3 

- 



CAS Precharge Time (Page Mode Cycle Only) 

tCEHCEL 

tCP 

10 

- 

10 

- 

mm 

- 

39 


Row Address Setup Time 

tAVREL 


0 

- 

0 


0 

- 

^^3 


Row Address Hold Time 

tRELAX 

tRAH 

10 

- 

10 

- 

15 

- 





tASC 

0 

- 

0 

- 

0 

- 



Column Address Hold Time 

tCELAX 

tCAH 

15 

- 

15 

- 

IBS 

- 

^^3 


Column Address Hold Time Referenced to RA^ 

tRELAX 


55 

- 

60 

- 

75 

- 



Column Address to RAS Lead Time 

tAVREH 

tRAL 

35 

- 

40 

- 

50 

- 




(continued) 


NOTES: 

1. V|H min and V|l max are reference levels for measuring timing of input signals. Transition times are measured between V|h and V|l. 

2. An initial pause of 200 /ts is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, ail input signals must 
transmit between V|h and V|l, (or between V||_ and Vj^) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. TF pin must be at V|t_ or open if not used. 

6. The specifications for tpQ (min) and tpyyc ^re used only to indicate cycle time at which proper operation over the full temperature 
range (0 ®C<Ta^ 70°C) is assured. 

7. Measured with a current load equivalent to 2 TTL (-200 nA, +4 mA) loads and 100 pF with the data output trip points set at 
Vqh = 2.0 V and Vql = 0.8 V. 

8. Assumes that tpco^tRCD (max). 

9. Assumes that tpcD^'RCD (max). 

10. Assumes that tpAD^itRAD (max). 

1 1 . toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

12. Operation within the tpcp (max) limit ensures that tpAC (max) can be met. tpcD (max) is specified as a reference point only; if tpcD 

greater than the specified tpQp (max) limit, then access time is controlled exclusively by tcAC- 

13. Operation within the tpAD (max) limit ensures that tpAC (max) can be met. tpAD (max) is specified as a reference point only; if tpAD 's 

greater than the specified tpAD (max), then access time is controlled exclusively by tAA- 
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MCM511000A* MCM51 L1000A 


READ, WRITE, AND READ-MODIFY-WRITE CYCLES (Continued) 



Symbol 

MCM511000A-70 

MCM511000A-a0 

1 

o 



Parameter 

MClWIBILinnnA.Tn 

MnMRii innnA.in 

MHMRit inmA.in 











IMOtIkS 


Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 




ESBBII 


0 

- 

0 

- 

0 

- 

1231 


Read Command Hold Time Referenced to CAS 

tCEHWX 

tRCH 

0 

- 

0 

- 

0 

- 

33 

14 

Read Command Hold Time Referenced to ftA§ 

tREHWX 

tRRH 

0 

- 

0 

- 

0 

- 

ns 

mm. 

Write Command Hold Time Referenced to CA^ 

tCELWH 

tWCH 

15 

- 

15 

- 


- 



Write Command Hold Time Referenced to RAS 

tRELWH 

tWCR 

55 

- 

60 

- 

75 

- 



Write Command Pulse Width 

tWLWH 

twp 

15 

- 

15 

- 


- 



Write Command to RA6 Lead Time 

tWLREH 

tRWL 

20 

- 

20 

- 

■3 


^3 


Write Command to CAS Lead Time 

tWLCEH 

«CWL 

20 

- 

20 

- 

25 

- 



Data in Setup Time 

tDVCEL 

tDS 

0 

- 

0 

- 

0 

- 

^3 

■Bi 

Data In Hold Time 



15 


15 

- 

20 

- 


BBi 

Data in Hold Time Referenced to RA§ 

tRELDX 

tDHR 

■^11 

- 


- 

75 

- 



Refresh Period MCM511000A 

tRVRV 

fRFSH 

- 


- 


■BH 




MCM51L1000A 



- 


- 




m 


Write Command Setup Time 

tWLCEL 

twcs 

miQiiii 

- 

mii^iiiiiiiiii 

- 

0 

- 


331 

CAS to Write Delay 

tCELWL 

tCWD 

20 

- 

20 

- 

mm 

- 


mm 

RAS to Write Delay 

tRELWL 


70 

- 

80 

- 

3E3i 

- 

^3 

mm 

Column Address to Write Delay Time 

tAVWL 


35 

- 

40 

- 

50 

- 


Bi: 

CaS Setup Time for CAS Before RA6 Refresh 

tRELCEL 


10 

- 

10 

- 

10 

- 



CA$ Hold Time for CaS Before RAS Refresh 

tRELCEH 

tCHR 


- 

30 

- 

3311 

- 

33 


CaS Precharge to (SAS Active Time 

tREHCEL 

tRPC 

0 

- 

0 

- 

0 

- 

33 


(iA$ Precharge Time for Ca 5 Before RA$ 
Counter Test 

tCEHCEL 

tCPT 


■ 


■ 


- 

B 


CAS Precharge Time 

tCEHCEL 

tCPN 

10 

- 

10 

- 

15 

- 

B3I 


Test Mode Enable Setup Time Referenced to 

Ms 

tTEHREL 

^TES 


- 

0 

- 

0 

- 

ns 


Test Mode Enable Hold Time Referenced to 

MS 

tREHTEL 


0 

- 

0 

- 

0 

- 

B 


Test Mode Enable Hold Time Referenced to 

SaS 

tCEHTEL 

tTEHC 

0 

- 

0 

- 

0 

- 

ns 



NOTES: 

14. Enter tpp^ ^RCH satisfied for a read cycle. 

15. These parameters are referenced to CAS leading edge in random write cycles and to W leading edge in delayed write or read-modify-write 
cycles. 

16. twcS' ^RWD/ ^CWD/ ^AWD restrictive operating parameters. They are included in the data sheet as electrical characteristics 

only; if tyvcS^^CS the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout 
the entire cycle; if tcWD^tcyyi;) (min), tpvyp^tpvyD (itiin), and t/^WD^t/^WD (min), the cycle is a read-write cycle and the data out 
will contain data read from the selected cell. If neither of these sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. 


MOTOROLA MEMORY DATA 


2-43 

























MCM511000A*MCM51L1000A 



READ CYCLE 



EARLY WRITE CYCLE 



Q (DATA OUT) 

VOL- 


HIGH Z 
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MCM511000A«MCM51L1000A 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 



VOL- 


V|H-- 

V|L- 


■'i 


V|H- 


CAS 


V|L- 




ADDRESSES 


V|H- 

V|L- 


FAST PAGE MODE READ-WRITE CYCLE 

— tRASP 


tRP- 



-^CRP 


-tCSH- 


-tRCD- 


tASC- 



■ 



m 

1 

EBBiSSI 

ii— 



m 

Ml 


V|H-- 

V|L- 


D (DATA IN) 


V|H- 

V|L- 


H 


1 


! 

ij 

B 

m 

1 

■ 

1 

ii 


■■1 

MiM 

■nffg 

a 

IS 

Si 


-tCAS- 


tASC 




-tPRWC- 


-tCAS- 


tASC- 




■ 

i 


Ipb— 

nil 

|BK| 

1 


-tCPN- 


’I 


-Uwd-H 


UJ 


tCWL 

tRWL-»H 


■^Uwi 

MTTK'^M 

p-^- |< — twp-^ twp- — ► — 


Q (DATA OUT) 


Vqh- 

VOL- 



tOFF — ►! 
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MCM511000A*MCM51L1000A 


CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 


CAS 


V|H-- 

V|L- 

V|H-- 

V|L- 

V|H- 


tCSR- 




-tRAS- 


-tCHR ►! 1 -^ 

/ 


^CPT- 


tASC- 


READ CYCLE 


Q (DATA OUT) 


WRITE CYCLE 

Q (DATA OUT) 


D (DATA IN) 


V|L 

VOH- 

Vql- 

V|H- 

V|L- 

VOH- 

VOL- 

V|H- 

V|L 

V|H- 

V|L- 




Ti 


-tRSH- 


►I k— ^J-tRP 


- ^CAS - 


-tCAH- 


COLUMN 

ADDRESS 





tRCS- 


xyxxx)^xxxm: 


- twcs-^ 


xxxxxxxxxxxxx : 


-tDS- 


-tCAC- 


Ua - 




tCLZ 




( 

1 

■ 

'ral 


m 


tOFF- 


- tRWL - 


- tCWL - 
-tWCH- 


tWP- 


> 


tRCH- 


-tRRH 




: XXXXXXXXXXXX 


-tDH- 


valid data 


READ-WRITE CYCLE 

Vqh- 


Q (DATA OUT) 


VoL- 




tCL 

i- 








^tRCS^ 


:j (xxxxxxxxxxx) 


-tCAC- 




Ua — 

UWD- 


-tOFF 


-tCWD- 


D (DATA IN) 


V|H- 

V|L- 


(XXXXXXXXxXXXXM?^ : 


tDS- 


i^cwL^r 

I tRWL- 


3 — 


X . v;xxxxxxxx 




VALID D 

ATA 


L 


-twp 


XXXXX)0<X) 


■tDH 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator pump to establish the cor- 
rect bias voltage. This is to be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize the 
various dynamic nodes internal to the device. During an ex- 
tended inactive state of the device (greater than 4 milliseconds 
with device powered up), the wake up sequence (8 active 
cycles) Will be necessary to assure proper device operation. 

ADDRESSING THE RAM 

The ten address pins on the device are time multiplexed 
with two separate 10-bit address fields that are strobed at the 
beginning of the memory cycle by tw o clocks (active negative) 
called t he ro w address strobe (RAS) and the column address 
strobe (CAS). A total of twenty address bits will decode one 
of the 1,048,576 cell locations in the device. The column ad- 
dress strobe follows the row address strobe by a specified 
minimum and maximum time called "tpcD/' which is the row 
to column strobe delay. This time interval is also referred to 
as the multiplex window which gives flexibility to a system 
designer to set up his external addresses into the RAM. These 
conditions have to be met for normal read or write cycles. This 
initial portion of the cycle accomplishes the normal addressing 
of the device. There are, however, two other variations in 
addressing the 1M RAM, one is called the RAS only refresh 
cycle (described later) where a 9-bit row address field is pre- 
sented on the input pins and latched by the RAS clock. The 
most significant bit on Row Address A9 is not required for 
refresh. The other variation, which is called page mode, allows 
the user to column access all 1024 bits within a selected row. 
(See PAGE-MODE CYCLES section.) 

READ CYCLE 

A read cycle is referred to as a normal read cycle to differ- 
entiate it from a page mode read cycle, a read-while-write 
cycle, and read-modify-write cycle which are covered in a later 
section. 

The m emor y read cycle begins with the row addresses valid 
and the R AS clock transitioning from V|h to the V|l level. 
The CAS clock must also make a transition from Vih to the 
V|L level at the specified tRCD ti ming limit s whe n the column 
addresses are latched. Both the RAS and CAS clocks trigger 
a sequence of events which are controlled by several delayed 
internal clocks. Also, these clocks are linked in such a manner 
that the access time of the device is independent of the ad dress 
multiplex window. The only stipulation is that the CAS clock 
must be active before or at the tpcD max imum specification 
for an access (data valid) from the RAS clock edge to be 
guaranteed (tpAC)- fRCD maxi mum condition is not 
met, the access (tCAC^ from the CAS clock ac tive t ransition 
will determine read acce ss tim e. The external CAS signal is 
ignored until a n inte rnal RAS signal is available. This gating 
feature on the CAS clock will allow the external CAS signal 
to become active as soon as the row address hold time (tR ah) 
specification has been met and defines the tRCD minimum 
specification. The time difference between tRCD minimum and 
tRCD maximum can be used to absorb skew delays in switch- 
ing the addres s bus from row to column addresses and in 
generating the CAS clock. 

Once the clocks have become active, t hey m ust stay active 
for the minimum (tRAS) period for the RAS clock and the 


minimum (tCAS) period for the CAS clock. The RAS clock 
must stay inactive for the minimum (tpp) time. The former is 
for the completion of the cycle in progress, and the latter is 
for the device internal circuitry to be precharged for the next 
active cycle. 

Data out is not latched and is valid as long as the CAS clock 
is a ctive; the output will switch to the three-state mode when 
the CAS clock goes inactive. To perform a read cycle, the 
writ e (W ) input must be held at the V|h level from the time 
the CAS clock makes its active transition (tRCS) ff'® f'r®® 
when it transitions into the inactive (tRCH) rnode. 

WRITE CYCLE 

A write cycle is similar to a read cycle except tha t the Write 
(W) clock must go active (V|l level) at or before the CAS clock 
goes active at a minimum twcs •f f^*® above condition 
is met, then the cycle in progress is referred to as an early 
write cycle. In an early write cycle, the write clo ck an d the 
data in are referenced to the active transition of the CAS clock 
edge. There are two important parameters with respect to the 
write cycle: the column strobe to write lead time (tcWL) and 
the row strobe to write l ead t ime (tRwL)- These define the 
minimum time that RAS and CAS clocks need to be active 
after the write operation has started (W clock at V|l level). 

It is also possible to perform a late write c ycle. For this cycle 
the write clock is activated after the CAS goes low which is 
beyond tyycs minimum time. Thus the parameters tcWL 
tRWL must be satisfied before terminating this cycle. The 
difference between an early write cycle and a late write cycle 
is that in a late write cycle the write (W) clock can occur much 
later In time with respect to the active transition of the CAS 
clock. This time could be as long as 10 microseconds — 
[tRWL + tRP + 2tTl. 

At the start of an early write cycle, the data out is in a high 
impedance condition and remains inactive throughout the 
cycle. The data out remains three-state be cause the active 
transition of the write (W) clock prevents the CAS clock from 
enabling the data-out buffers. The three-state condition (high 
impedance) of the data out pin during a write cycle can be 
effectively utilized in systems that have a common input/out- 
put bus. The only stipulation is that the system use only early 
write mode operations for all write cycles to avoid bus 
contention. 

READ-MODIFY-WRITE AND READ-WHILE-WRITE 
CYCLES 

As the name implies, both a read and a write cycle are 
accomplished at a selected bit during a single access. The 
read-modify-write cycle is similar to the late write cycle dis- 
cussed above. 

For the read-modify-write cycle a normal read cycle is ini- 
tiated with the write (W) clock at the V|h level until the read 
data occurs at the device access time (tRAC)- At this time the 
write (W) clock is asserted. The data in is setup and held with 
respect to the active edge of the write clock. The cycle de- 
scribed assumes a zero modify time between read and write. 

Another variation of the read-modify-write cycle is the read- 
while-write cycle. For this cycle, tcwD plays an important 
role. A read-while-write cycle starts as a normal read cycle 
with the write (W) clock being asserted at minimum tcWD 
time, depending upon the application. This results in starting 
a write operation to the selected cell even before data out 
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occurs. The minimum specification on tcwD assures that data 
out does occur. In this case, the data in is set up with respect 
to write (W) clock active edge. 

PAGE-MODE CYCLES 

Page mode operation allows fast successive data operations 
at all 1024 column locations on a select ed row. Page access 
(tCAC) is typically half the regular RAS clock access (tpAC) 
on the Motorola 1M dyna mic RAM. Page mode oper ation 
consists of holding the RAS clock active while cycling the CAS 
clock to access the column locations determined by the 10- 
bit column address field. 

The page cycle is always i nitiate d with a row address being 
provided and latc hed b y the RAS clock, followed by the col- 
umn address and CAS clock. From the timing illustrated, the 
initial cycle is a normal read or write cycle, th at ha s been 
previously descr ibed, followed by the shorter CAS cycles 
(tpc). The CAS cycle ti me ( tpc) consists of the CAS clock 
active time (tCAS)» 3nd CAS clock precharge time (tcp) and 
two transitions. In addition to read and write cycles, a read- 
modify-write cycle can also be performed in a page mode 
operation. For a read-modify-write or read-while-write type 
cycle, the conditions normal to that mode of operation will 
apply in the page mode also. In practice, any combination of 
read, write and read-modify-write cycles can be performed to 
suit a particular application. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to 
degrade with time and temperature. Therefore, to retain the 
correct information, the bits need to be refreshed at least once 
every 8 milliseconds for MCMSIlOOOA (64 milliseconds for 
MCM51L1(XX)A). This is accomplished by sequentially cycling 
through the 512 row address locations every 8 milliseconds 
for MCMSIlOOOA (64 milliseconds for MCM51L1000A), (i.e., 
at least one row every 15.6 microseconds for MCMSIlOOOA, 
or 124.8 microseconds for MCM51L1(XX)A). A normal read or 
write operation to the RAM will also refresh all the bits (2048) 
associated with the particular row(s) decoded. 

RAS-Only Refresh 

In this refresh method, the system must perform a RAS- 
only cycle on 512 row addresses every 8 milliseconds for 
MCMSIlOOOA (64 milliseconds for MCM51L1000A). The row 
addresses are latched in with the RAS clock, and the 
associated internal row locations are refreshed. As the heading 


implies, the CAS clock is not required and must be inactive 
or at a V|h level. 

CAS Before RAS Refresh 

This refresh cycle is initiated when RAS falls, after CAS has 
been low (by tcSR)- This activates the internal refresh counter 
which generates the row address to be refreshed. Externally 
applied addresses are ignored during the automatic refresh 
cycle. If the output buffer was off before the automatic refresh 
cycle, the output will st ay in the high impedance state. If the 
output was enabled by CAS in the previous cycle, the data 
out will be m aintained during the automatic refresh cycle as 
long as CAS is held active (hidden refresh). 

Hidden Refresh 

The hidden refresh method allows refresh cycles to be per- 
formed while maintaining valid d ata at the output pin. Hi dden 
refresh is performed by holding CAS at V|i_ and taking RAS 
hi gh a nd after a sp ecified precharge period (tpp), executing 
a CAS before RAS refresh cycle. (See Figure 1.) 

BEFORE Ms REFRESH COUNTER TEST 

The intern al refre sh co unter of this device can be tested 
with a CAS before RAS refresh counter test. This refresh 
counter test is performed with a read-write operation. During 
this test, the internal refresh counter generates the row ad- 
dress, while the external address input supplies the column 
address. The entire array is refreshed after 512 test cycl es, as 
indicate d by the check data written in each row. See CAS 

before RAS refresh counter test cycle timing diagram^ 

The t est ca n be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as 
follows: 

1. Write “0"s into ail memory cells (normal write mode). 

2. Select a column addr ess, re ad "0" out a nd write “1 " into 
the cell by performing CAS before RAS refresh counter 
test, read-write cycle. Repeat this operation 512 times. 

3. Read "1"s (normal read mode), which were written at 
step 2. 

4. Using the same column as in step 2, read “1" ou t and 
write “0" into the cell by performing CAS before RAS 
refresh counter test, read-write cycle. Repeat this 
operation 512 times. 

5. Read “0"s (normal read mode), which were written at 
step 4. 

6. Repeat steps 1 to 5 using complement data. 



MOTOROLA MEMORY DATA 


2-51 




MCM511000A* MCM51 L1000A 


TEST MODE 

Internal organization of this device (256K x 4) allows it to be 
tested as if it were a 256Kx 1 DRAM. Only nine of the ten 
addresses (A0-A8) are used In test mode; A9 is internally 
disabled. A test mode write cycle writes data, D (data in), to 
a bit in each of the four 256K x 1 blocks (B0-B3), in parallel. 
A test mode read cycle reads a bit in each of the four blocks. 
If data is the same in all four bits, Q (data out) is the same as 
the data in each bit. If data is not the same in all four bits, Q 
is high Z. See truth table and block diagram. 


Test mode can be used in any timing cycle, including page 
mode cycles. The test mode function is enabled by holding 
the 'TF" pin on "super voltage" for the specified period 
tTEHR/ tjEHC; see TEST MODE CYCLE). 

"Super voltage" = Vcc + 4.5 V 

where 

4.5 \/<Vcc <5-5 V and maximum voitage= 10.5 V. 

A9 is ignored in test mode. In normal operation, the "TF" 
pin must either be connected to V|l, or left open. 


Test Mode Truth Table 


D 

BO 

B1 

B2 

B3 

Q 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

- 


Any Other 


High-Z 


TEST MODE CYCLE 



TEST FUNCTION BLOCK DIAGRAM 
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Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 511000A or 51L1000A X XX 

— — ^ ^Speed (70 = 70 ns, 80 = 80 ns, 

10=100 ns) 


Package (P = Plastic DIP, J = Plastic SO 
with J leads, Z= Plastic ZIP) 


Full Part Numbers 


MCM511000AP70 

MCM511000AP80 

MCM511000AP10 

MCM51L1000AP70 

MCM51L1000AP80 

MCM51L1000AP10 


MCM511000AJ70 

MCM511000AJ80 

MCM511000AJ10 

MCM51L1000AJ70 

MCM51L1000AJ80 

MCM51L1000AJ10 


MCM511000AZ70 

MCM511000AZ80 

MCM511000AZ10 

MCM51L1000AZ70 

MCM51L1000AZ80 

MCM51L1000AZ10 
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SEMICONDUCTOR 

TECHNICAL DATA 


Advance Information 

1 M X 1 CMOS Dynamic RAM 

The MCM511001A is a I.O/i CMOS high-speed, dynamic random access memory. It is 
organized as 1,048,576 one-bit words and fabricated with CMOS silicon-gate process 
technology. Advanced circuit design and fine line processing provide high performance, 
improved reliability, and low cost. The fast nibble mode feature allows high-speed serial 
access of up to 4 bits of data. 

The MCM511001A requires only 10 address lines; row and column address inputs are 
multiplexed. The device is packaged in a standard 300-mil dual-in-line plastic package 
(DIP), a 300-mil J-lead small outline package, and a 100-mil zig-zag in-line package (ZIP). 

• Three-State Data Output 

• Early-Write Common I/O Capability 

• Fast Nibble Mode Capability 

• Test Mode Capability 

• TTL- Compatible Inputs and Output 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 512 Cycle, 8 ms Refresh 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAC^- MCM511001A-70 = 70 ns (Maximum) 

MCM511001A-80 = 80 ns (Maximum) 

MCM511001A-10 = 100 ns (Maximum) 

• Low Active Power Dissipation: MCM511001A-70 = 440 mW (Maximum) 

MCM511001A-80 = 385 mW (Maximum) 
MCM511001A-10 = 330 mW (Maximum) 

• Low Standby Power Dissipation: 11 mW (Maximum, TTL Levels) 

5.5 mW (Maximum, CMOS Levels) 


MCM511001A 



P PACKAGE 
PLASTIC 
CASE 707A 



J PACKAGE 
PLASTIC 
SMALL OUTLINE 
CASE 822 



Z PACKAGE 
PLASTIC 
ZIG-ZAG IN-LINE 
CASE 836 


PIN NAMES 


A0-A9 Address Input 

D Data Input 

Q Data Output 

W Read/Write Enable 

RAS Row Address Strobe 

CAS Column Address Strobe 

Vcc Power ( -I- 5 V) 

Vss Ground 

TF Test Function Enable 

NC No Connection 


PIN 

ASSIGNMENT 


DUAL-IN-LINE 


D[ 

1 • 

18 

]vss 

W[ 

2 

17 

]Q 

MS[ 

3 

16 

]CAS 

TF[ 

4 

15 

]A9 

A0[ 

5 

14 

]A8 

A1[ 

6 

13 

]A7 

A2[ 

7 

12 

]A6 

A3[ 

8 

11 

]A5 

VccI 

9 

10 

]A4 


SMALL OUTLINE 


D[ 

1 

26 

Ivss 

w[ 

2 

25 

]Q 

RAS[ 

3 

24 

]C^ 

TF[ 

4 

23 

]NC 

NC[ 

5 

22 

]A9 

A0[ 

9 

18 

]A8 

A1[ 

10 

17 

]A7 

A2[ 

11 

16 

]A6 

A3[ 

12 

15 

]A5 

vcct 

13 

14 

]A4 


ZIG-ZAG IN-LINE 


AO 

Q 

D 

NC 

AO 

A2 

vcc 

A5 

A7 



CAS 

Vss 

W 

TF 

NC 

A1 

A3 

A4 

A6 

A8 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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BLOCK DIAGRAM 



This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped- 
ance circuit. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-1 to -i-7 

V 

Voltage Relative to Vss for Any Pin Except Vcc 

Vin/ Vout 

-1 to +7 

V 

Test Function Input Voltage 

Vin(TF) 

- 1 to 10.5 

V 

Data Out Current 

•out 

50 

mA 

Power Dissipation 

Pd 

600 

mW 

Operating Temperature Range 

Ta 

0 to +70 

°C 

Storage Temperature Range 

^stg 

-55 to +150 

°C 


MOTOROLA MEMORY DATA 


2-55 






MCM511001A 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

{Vcc = 5.0 V ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 



Supply Voltage (Operating Voltage Range) 


4.5 

5.0 

5.5 

V 

■ 


0 

0 

0 

Logic High Voltage, All Inputs 


2.4 

- 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

V|L 

-1.0 

- 

0.8 

V 

1 

Test Function Input High Voltage 



- 

10.5 

V 

1 


DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vcc Power Supply Current 

icci 



mA 

2 

MCM511001A-70, tRc=130 ns 


— 

80 



MCM511001A-80, tRC = 150 ns 


— 

70 



MCM511001A-10, tRC = 180 ns 


- 

60 



Vcc Power Supply Current (Standby) (RAS = CAS = V|h) 


- 

IIQQII 



Vcc Power Supply Current During RA$ only Refresh Cycles (CA$=V|h) 



HIH 



MCM51 1001 A-70, tRC = 130 ns 






MCM511001A-80, tRC=150 ns 






MCM511001A-10, tRc = 180 ns 






Vcc Power Supply Current During Nibble Mode Cycle (RAS = V|l) 

•CC4 

■■■I 

HHI 

mmoiiiiiii 

HEU 

MCM51 1001 A-70, tNC = 35 ns 






MCM511001A-80, tNc = 35 ns 






MCM511001A-10, tNC = 40 ns 






Vcc Power Supply Current (Standby) (RAS = CAS = Vcc “ 0-2 V) 

'CC5 

- 

1.0 



Vcc Power Supply Current During CAS Before RAS Refresh Cycle 




mA 

2 

MCM51 1001 A-70, tRC- 130 ns 


— 

80 



MCM51 1001 A-80, tRC = 150 ns 


— 

70 



MCM511001A-10, tRC = 180 ns 


- 

60 



Input Leakage Current (Except TF) (0 V<Vin:s6.5 V) 

'lka(l) 

-10 


HQII 


Input Leakage Current (TF) (0 V<Vjn(TF)^Vcc+0-5 V) 


moil 

10 

HEii 


Output Leakage Current (UaS=V|h, 0 V^Vout^3.5 V) 


|HB| 

10 

HSIll 


Test Function Input Current (Vcc+4.5 V<Vjn{TF)^‘IO-5 V) 

lin(TF) 

- 

1 



Output High Voltage (IOH= mA) 

VOH 

2.4 

- 

V 


Output Low Voltage (loL = 4.2 mA) 

VoL 

- 

0.4 

V 



CAPACITANCE (f=1.0 MHz, Ta=25°C, Vcc = 5 V, Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Max 

Unit 

Notes 

Input Capacitance A0-A9, D 

M5, W, TF 

Cin 

5 

PF 

3 

7 

PF 

3 

Output Capacitance (CAS = V|h to Disable Output) Q 

Gout 

7 

pF 

3 


NOTES: 

1 . All voltages referenced to Vss- 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 

3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = IAt/AV. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, Ta = 0 to 70°C, Unless Othen^^ise Noted) 

READ, WRITE, AND READ-MODIFY WRITE CYCLES (See Notes 1, 2, 3, 4, and 5) 


Parameter 

Symbol 

MCM511001A-70 

MCM511001A-80 

MCM511001A-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

tRC 

130 

- 

150 

- 

180 

- 

ns 

6 

Read-Write Cycle Time 

tRELREL 

tRWC 

155 

- 

175 

- 

210 

- 

ns 

6 

Nibble Mode Cycle Time 


tNC 

35 

- 

35 

- 

40 

- 

ns 


Nibble Mode Read- Write Cycle Time 

tCEHCEH 

tNRMW 


- 

55 

- 

1^ 

- 

IQII 


Access Time from RAS 



- 

70 

- 

80 

- 


IQH 

iO 

Access Time from iCAS 

tCELQV 

tCAC 

- 

20 

- 

20 

- 



EQ 

Access Time from Column Address 

tAVQV 

tAA 

- 


- 

40 

- 



RQ 

Nibble Mode Access Time 

o 

m 

tNCAC 

- 

mm 

- 


- 



7 

CAS to Output in Low-Z 

tCELQX 

tCLZ 

0 

wtstn 

^IQIIIIIII 



HBii 


7 

Output Buffer and Turn-Off Delay 


tOFF 

0 


0 

20 

0 


Ii9 

mm 

Transition Time (Rise and Fall) 


tr 

3 

imi^^ 

3 

50 

3 

lEEl 



RA$ Precharge Time 


tRP 


- 

60 

- 

70 

- 

2Q[| 


RA§ Pulse Width 

tRELREH 

tRAS 

7° 

10,000 

80 


100 


IIQy 


RA§ Hold Time 

tCELREH 

tRSH 

IQIIII 

- 

20 

- 

25 

- 



Ca 6 Hold Time 

tRELCEH 

tCSH 


- 

80 

- 


- 



^AS Pulse Width 

fCELCEH 

tCAS 

20 

10,000 


10,000 

wm 


ns 


RA$ to CAS Delay Time 

tRELCEL 

tRCD 


50 

20 

60 

25 

75 


■a 

RA$ to Column Address Delay Time 

tRELAV 

tRAD 

15 


mm 

40 


50 


mm 

CA$ to RAS Precharge Time 

tCEHREL 

tCRP 

5 

- 

5 

- 

5 

- 



CA§ Precharge Time 

tCEHCEL 

tCPN 

10 

- 

■EH 

- 

10 

- 

1^9 


Row Address Setup Time 

tAVREL 

tASR 

0 

- 

0 

- 

0 

- 



Row Address Hold Time 

tRELAX 

tRAH 

10 

- 

10 

- 

15 

- 



Column Address Setup Time 



0 

- 

0 

- 

0 

- 



Column Address Hold Time 

tCELAX 

tCAH 

15 

- 

mm 

- 


- 



Column Address Hold Time Referenced to RA§ 

tRELAX 

tAR 

55 

- 


- 

75 

- 



Column Address to PtAS Lead Time 

tAVREH 

tRAL 

35 

- 

40 

- 

50 

- 

ns 



(continued) 


NOTES: 

1. V|H min and V|l max are reference levels for measuring timing of input signals. Transition times are measured between V|h and V|l. 

2. An initial pause of 200 i/s is required after power-up followed by 8 HAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transmit between V|h and V|l (or between V|l and V|h) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The TF pin must be at V|l or open If not used. 

6. The specifications for tpc (min) and tpvvc s'"® u®®<^ of'lv indicate cycle time at which proper operation over the full temperature 
range (0 °C<Ta^ 70°C) is assured. 

7. Measured with a current load equivalent to 2 TTL (-200 /lA, -i-4 mA) loads and 100 pF with the data output trip points set at 
Voh=2.0 V and Vol=0.8 V. 

8. Assumes that tRCD^^RCD (max). 

9. Assumes that tRCD2:tRCD (max). 

10. Assumes that tRAD^^RAD (max). 

11. (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

12. Operation within the tR^Q (max) limit ensures that tRAC (max) can be met. tRCD (max) is specified as a reference point only; if tRCD *® 

greater than the specified tRCp (max) limit, then access time is controlled exclusively by tcAC- 

13. Operation within the tRAD (max) limit ensures that tRAC (max) can be met. tRAO (max) is specified as a reference point only; If tRAD 's 

greater than the specified tRAD (max), then access time is controlled exclusively by tAA- 
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READ, WRITE, AND READ-MODIFY WRITE CYCLES (Continued) 


Parameter 

Symbol 

MCM511001A-70 

MCM511001A-80 

MCM511001A-10 



Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Read Comniand Setup Tirne 


tRCS 

0 

- 

0 

- 

0 

- 



Read Command Hold Time Referenced to CA$ 

tCEHWX 

fRCH 

0 

- 

0 

- 

0 

- 

my 

wm 

Read Command Hold Time Referenced to RAS 



0 

- 

0 

- 

0 

- 

my 

wm 

Write Command Hold Time Referenced to CAS 

tCELWH 

tWCH 

■■ 

- 

wm 

-■ 

B^ll 

- 

m3i 


Write Command Hold Time Referenced to RAS 



1^1 

- 

60 

- 

75 

- 



Write Command Pulse Width 

*WLWH 

twp 

15 

■ - 

15 

- 

20 

- 

B 


Write Command to RAS Lead Time 

tWLREH 

tRWL 

20 

- 


- 

25 

- 




tWLCEH 

tCWL 

{Bn 

- 

IBS 

- 

25 

- 

m^i 


Data in Setup Time 

tDVCEL 

tDS 

0 

_ 

0 

- 


- 

immi 

wm 

Data in Hold Time 

tCELDX 

tDH 

wm 

- 

wm 

- 

20 

- 

my 

wm 

Data in Hold Time Referenced to RAS 

tRELDX 

tDHR 


- 

IBH 

— 

75 

- 

m3i 


Refresh Period 

tRVRV 

tRFSH 

- 

8 

- 

8 

- 

8 

my 


Write Command Setup Time 

tWLCEL 

twcs 

0 

- 

0 

- 

0 

- ■ 

my 

wm 

(iAS to Write Delay 

tCELWL 

fCWD 

20 

- 

20 

- 

25 

- 

my 

wm 

RAS to Write Delay 



wm 

- 

80 

- 

B^l 

- 

myi 

wm 

Column Address to Write Delay Time 

tAVWL 

tAWD 

IK3ii 

- 

40 

- 

50 

- 

mmi 

wm 

CAS Setup Time for Before Refresh 

tRELCEL 

tCSR 

wm 

- 

10 

- 

10 

- 

my 


Gas Hold Time for CAS Before RAS Refresh 

tRELCEH 

tCHR 

30 

- 

30 

- 

mm 

- 

my 


RAS Precharge to CaS Active Time 

tREHCEL 

tRPC 

0 

- 

0 

- 

0 

- 

■1 


CAS Precharge Time for CAS Before RAS 
Counter Test 

fCEHCEL 

tCPT 

40 

- 

40 

- 

50 

- 

y 


Nibble Mode Pulse Width 



15 

- 

15 

- 

20 

- 

my 


Nibble Mode CAS Precharge Time 

tCEHCEL 

tNCP 

10 

- 

10 

- 

10 

- 

B| 


Nibble Mode SaS Hold Time 

tCELREH 

tNRSH 

wm 

- 

15 

- 


- 

moi 


Nibble Mode CAS to Write Delay Time 

tCELWL 

tNCWD 

mm 

- 

wm 

- 

20 

- 

^yi 


Nibble Mode Write Command to SAS Lead 

Time 

tWLREH 

tNRWL 

15 

- 

15 

■ 

20 

- 

y 


Nibble Mode Write Command to CAS Lead 

Time 

A/VLCEH 

tNCWL 

15 


15 

- 

20 

- 

y 


Test Mode Enable Setup Time Referenced to 

ros 



0 

■ 

0 

- 


- 

i 


Test Mode Enable Hold Time Referenced to 

ITS 

tREHTEL 


0 

- 

0 

IB 

0 

- 



Test Mode Enable Hold Time Referenced to 

CTS 



0 

— 

■ 

- 

■ 

- 

y 



NOTES: 

14. Enter tRPH ^RCH ^ satisfi ed fo r a read cycle. 

15. These parameters are referenced to CAS leading edge in random write cycles and to W leading edge in delayed write or read-modify-write 
cycles. 

16. tyycS' fRWD' ^CWD' ^AWD restrictive operating parameters. They are included in the data sheet as electrical characteristics 

only; if tyycS^fWCS cycle Is an early write cycle and the data out pin will remain open circuit (high impedance) throughout 

the entire cycle; if tcwD^fCWD (nnin), t|^vVD^^RWD (i^in), and t>\vyD^t>\vyp (min), the cycle is a read-write cycle and the data out 
will contain data read from the selected ceil. If neither of these sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. 
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READ CYCLE 



EARLY WRITE CYCLE 


CAS 


D (DATA INI 


Q (DATA DUT) 


V|H- * 

V|L- 

V|H-* 

V|L-. 

t) 

V|H-- 

< 

V|L-. 

V|H- 

/ 

V|L- 

V|H- 

V|L- 

vdh- 

VqL- 



1 tRC 

[-^ tRp ^ 

L 

tCPN H 

■ 


/ 





■ 

tCRP — ^ ► 


Ej 



[HH 

B 

J 



ISBE 


2 

sail 







tRAH- 

— j 

twcs — - 



■tCWL 

1 



mmm 



-twp 

wmmmm 


tDS 


-twCR- 

IRVVI 

s 

r*' 





V 
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NIBBLE MODE READ CYCLE 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator pump to establish the cor- 
rect bias voltage. This is to be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize the 
various dynamic nodes internal to the device. During an ex- 
tended inactive state of the device (greater than 4 milliseconds 
with device powered up), the wake up sequence (8 active 
cycles) will be necessary to assure proper device operation. 

ADDRESSING THE RAM 

The ten address pins on the device are time multiplexed 
with two separate 10-bit address fields that are strobed at the 
beginning of the memory cycle by tw o clocks (active negative) 
called t he ro w address strobe (RAS) and the column address 
strobe (CAS). A total of twenty address bits will decode one 
of the 1 ,048,576 cell locations in the device. The column ad- 
dress strobe follows the row address strobe by a specified 
minimum and maximum time called "tpcD/" which is the row 
to column strobe delay. This time interval is also referred to 
as the multiplex window which gives flexibility to a system 
designer to set up his external addresses into the RAM. These 
conditions have to be met for normal read or write cycles. This 
initial portion of the cycle accomplishes the normal addressing 
of the device. There are, however, two o ther variations in 
addressing the 1 M RAM, one is called the RAS only refresh 
cycle (described later) where a 9-bit row ad dress field is pre- 
sented on the input pins and latched by the RAS clock. The 
most significant bit on Row Address A9 is not required for 
refresh. The other variation, which is called nibble mode, al- 
lows the user to access 4 bits serially. (See NIBBLE MODE 
section.) 

READ CYCLE 

A read cycle is referred to as a normal read cycle to differ- 
entiate it from a page mode read cycle, a read-whIle-write 
cycle, and read-modify-write cycle which are covered in a later 
section. 

The m emor y read cycle begins with the row addresses valid 
and the R AS clock transitioning from V|h to the V|l level. 
The CAS clock must also make a transition from V|h to the 
V|L level at the specified tpcD ti ming limit s whe n the column 
addresses are latched. Both the RAS and CAS clocks trigger 
a sequence of events which are controlled by several delayed 
internal clocks. Also, these clocks are linked In such a manner 
that the access time of the device is independent of the address 
multiplex window. The only stipulation is that the CAS clock 
must be active before or at the tpcp max imum specification 
for an access (data valid) from the RAS clock edge to be 
guaranteed (tpAC)- fhe tpcD niaxi mum condition is not 
met, the access (tCAC) ^rom the CAS clock a ctive t ransition 
will determine read acce ss tim e. The external CAS signal is 
ignored until a n inte rnal RAS signal is available. This gating 
feature on the CAS clock will allow the external CAS signal 
to become active as soon as the row address hold time (tpAH) 
specification has been met and defines the tpcD minimum 
specification. The time difference between tRCQ minimum and 
fRCD maximum can be used to absorb skew delays in switch- 
ing the addres s bus from row to column addresses and in 
generating the CAS clock. 


Once the clocks have become active, t hey m ust stay active 
for the minimum (tpAS) period for t he RAS clo ck an d the 
minimum (tCAS) period for the CAS clock. The RAS clock 
must stay inactive for the minimum (tRp) time. The former is 
for the completion of the cycle in progress, and the latter is 
for the device internal circuitry to be precharged for the next 
active cycle. 

Data out is not latched and is valid as long as the CAS clock 
is a ctive; the output will switch to the three-state mode when 
the C^ clock goes Inactive. To perform a read cycle, the 
writ e (W ) input must be held at the V|h level from the time 
the CAS clock makes its active transition (tRCS) fo the time 
when it transitions into the inactive (tRCH) mode. 

WRITE CYCLE 

_A write cycle is similar to a read cycle except tha t the Write 
(W) clock must go active (V|l level) at or before the CAS clock 
goes active at a minimum tyvcs time. If the above condition 
is met, then the cycle in progress is referred to as an early 
write cycle. In an early write cycle, the write clo ck an d the 
data in are referenced to the active transition of the CAS clock 
edge. There are two important parameters with respect to the 
write cycle: the column strobe to write lead time (tcWL) and 
the row strobe to write l ead t ime ( tRWL)- These define the 
minimum time that RAS and CAS clocks need to be active 
after the write operation has started (W clock at V|[_ level). 

It is also possible to perform a late write c ycle. For this cycle 
the write clock is activated after the CAS goes low which is 
beyond tyvcS minimum time. Thus the parameters tcWL and 
tRWL must be satisfied before terminating this cycle. The 
difference between an early write cycle and a late write cycle 
is that in a late write cycle the write (W) clock can occur much 
later in time with respect to the active transition of the CAS 
clock. This time could be as long as 10 microseconds — 
[tRWL+tRP+2tT]. 

At the start of an early write cycle, the data out is in a high 
impedance condition and remains inactive throughout the 
cycle. The data out r^ains three-state be cause the active 
transition of the write (W) clock prevents the CAS clock frorri 
enabling the data-out buffers. The three-state condition (high 
impedance) of the data out pin during a write cycle can be 
effectively utilized in systems that have a common input/out- 
put bus. The only stipulation is that the system use only early 
write mode operations for ail write cycles to avoid bus 
contention. 

READ-MODIFY-WRITE AND READ-WHILE-WRITE 
CYCLES 

As the name Implies, both a read and a write cycle are 
accomplished at a selected bit during a single access. The 
read-modify-write cycle is similar to the late write cycle dis- 
cussed above. 

For the read-modify-write cycle a normal read cycle is Ini- 
tiated with the write (W) clock at the V|h level until the read 
data occurs at the device access time (tRAC)- At this time the 
write (W) clock is asserted. The data in is setup and held with 
respect to the active edge of the write clock. The cycle de- 
scribed assumes a zero modify time between read and write. 

Another variation of the read-modify-write cycle Is the read- 
while-wrlte cycle. For this cycle, tcvVD Plays an important 
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role. A read-while-write cycle etarts as a normal read cycle 
with the write (W) clock being asserted at minimum tcwD 
time, depending upon the application. This results in starting 
a write operation to the selected cell even before data out 
occurs. The minimum specification on tQvVD assures that data 
out does occur. In this case, the data in is set up with respect 
to write (W) clock active edge. 

NIBBLE MODE 

Nibble mode allows high speed serial read, write, or read- 
rriodify-write access to 2, 3, or 4 bits of data. The bits of data 
that may be accessed during nibble mode are determined by 
the 9 row addresses and the 9 column addresses. The 2 bits 
of addresses (CA9, RA9) are used to select 1 of the 4 nibble 
bits for initial access. After the first bit is accessed by the 
normal mode, the remaining nibble bits may be accessed by 
toggling CAS ""high" then “low" while RAS remains “low". 
Toggling CAS causes RA9 and CA9 to be incremented inter- 
nally while all other address bits are held constant and makes 
the next nibble bit available for access. 

If more than 4 bits are accessed during nibble mode, the 
address sequence will begin to repeat. If any bit is written 
during nibble mode, the new data will be read on any sub- 
sequent access. If the write operation is executed again on 
subsequent accees, the new data will be written into the se- 
lected cell location. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to 
degrade with time and temperature. Therefore, to retain the 
correct information, the bits need to be refreshed at least once 
every 8 milliseconds. This is accomplished by sequentially cy- 
cling through the 512 row address locations every 8 millise- 
conds, (i.e., at least one row every 15.6 microseconds). A 
normal read or write operation to the RAM will serve to refresh 
ail the bits (2048) associated with the particular rows decoded. 

RAS-Only Refresh 

In this refresh method, the system must perform a RAS- 
only cycle on 512 row addresses every 8 m illiseconds. The 
row addresses are latched in with the RAS clock, and the 
associated i nterna l row locations are refreshed. As the heading 
implies, the CAS clock is not required and must be inactive 
or at a V|h level. 


CAS Before RAS Refresh 

This refresh cycle is initiated when RAS falls, after CAS has 
been low (by tcSR)- This activates the Internal refresh counter 
which generates the address to be refreshed. Externally applied 
addresses are ignored during the automatic refresh cycle. If 
the output buffer was off before the automatic refresh cycle, 
the output will s tay in the high impedance state, if the output 
was enabled by CAS in the previous cycle, the data out will 
be m aintained during the automatic refresh cycle as long as 
CAS is held active (hidden refresh). 

Hidden Refresh 

The hidden refresh method allows refresh cycles to be per- 
formed while maintaining valid d ata at the output pin. Hi dden 
refresh is performed by holding CAS at V|l and taking RAS 
hi gh an d after a sp ecified precharge period (tpp), executing 
a CAS before RAS refresh cycle. (See Figure 1.) 

MS BEFORE 1 ^ REFRESH COUNTER TEST 
The intern al refre sh co unter of this device can be tested 
with a CAS before RAS refresh counter test. This refresh 
counter test is performed with a read-write operation. During 
this test, the internal refresh counter generates the row ad- 
dress, while the external address input supplies the column 
address. The entire array is refreshed after 512 test cycl es, as 
indicate d by the check data written in each row. See CAS 
before RAS refresh counter test cycle timing diagra m. 

The t est ca n be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as 
follows: 

1. Write “0"s into all memory cells (normal write mode). 

2. Select a column addr ess, re ad “0" out a nd write “1" into 
the cell by performing CAS before RAS refresh counter 
test, read-write cycle. Repeat this operation 512 times. 

3. Read “1"s (normal read mode), which were written at 
step 2. 

4. Using the same column as in step 2, read “1" out and 
write “0" into the cell by performing CAS before RAS 
refresh counter test, read-write cycle. Repeat this 
operation 512 times. 

5. Read “0"s (normal read mode), which were written at 
step 4. 

6. Repeat steps 1 to 5 using complement data. 



MEMORY CYCLE 

REFRESH CYCLE 

REFRESH CYCLE 
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Figure 1. Hidden Refresh Cycle 
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TEST MODE 

Internal organization of this device (256K x 4) allows it to be 
tested as if it were a 256K x 1 DRAM. Only nine of the ten 
addresses (A0-A8) are used in test mode; A9 is internally 
disabled. A test mode write cycle writes data, D (data in), to 
a bit in each of the four 256Kx 1 blocks (B0-B3), in parallel. 
A test mode read cycle reads a bit in each of the four blocks. 
If data is the same in all four bits, Q (data out) is the same as 
the data in each bit. If data is not the same in ail four bits, Q 
is high Z. See truth table and block diagram. 


Test mode can be used in any timing cycle except nibble 
mode cycles. The test mode function is enabled by holding 
the "TF" pin on "super voltage" for the specified period (tjES/ 
fTEHR/ tJEHC; see TEST MODE CYCLE). 

"Super voltage" = Vcc + 4.5 V 

where 

4.5 V<Vcc <5.5 V and maximum voltage = 10.5 V. 

A9 is ignored In test mode. In normal operation, the "TF" 
pin must either be connected to V|l, or left open. 


Test Mode Truth Table 


D 

BO 

B1 

B2 

B3 

Q 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

- 


Any Other 


High-Z 


TEST MODE CYCLE 



TEST FUNCTIOIM BLOCK DIAGRAM 
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Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 511001A 


X 


T 


Speed (70 = 70 ns, 80 = 80 ns, 
10 = 100 ns) 


Package (P = Plastic DIP, J = Plastic SO 
with J leads, Z= Plastic ZIP) 


Full Part Numbers- MCM51 1001 AP70 
MCM511001AP80 
MCM511001AP10 


MCM511001AJ70 

MCM511001AJ80 

MCM511001AJ10 


MCM511001AZ70 

MCM511001AZ80 

MCM511001AZ10 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Advance Information 

1 M X 1 CMOS Dynamic RAM 

The MCM511002A is a 1.0/t CMOS high-speed, dynamic random access memory. It is 
organized as 1 ,048,576 one-bit words and fabricated with CMOS silicon-gate process 
technology. Advanced circuit design and fine line processing provide high performance, 
improved reliability, and low cost. The static column m ode f eature allows column data to 
be accessed upon the column address transition when RAS and CS are held low, similar 
to static RAM operation. 

The MCM511002A requires only 10 address lines; row and column address inputs are 
multiplexed. The device is packaged in a standard 300-mil dual-in-line plastic package 
(DIP), a 300-mil J-lead small outline package, and a 100-mil zig-zag in-line package (ZIP). 

• Three-State Data Output 

• Early-Write Common I/O Capability 

• Static Column Mode Capability 

• Test Mode Capability 

• TTL- Compatible Inputs and Output 

• RA S Only Refre sh 

• CS Before RAS Refresh 

• Hidden Refresh 

• 512 Cycle, 8 ms Refresh 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAC^- MCM511002A-70 = 70 ns (Maximum) 

MCM511002A-80 = 80 ns (Maximum) 

MCM511002A-10=100 ns (Maximum) 

• Low Active Power Dissipation: MCM511002A-70 = 440 mW (Maximum) 

MCM511002A-80 = 385 mW (Maximum) 
MCM511002A-10 = 330 mW (Maximum) 

• Low Standby Power Dissipation: 11 mW (Maximum, TTL Levels) 

5.5 mW (Maximum, CMOS Levels) 


PIN 

ASSIGNMENT 


DUAL-IN-LINE 


1 • 18 

2 17 

3 16 

4 15 

5 14 

6 13 

7 12 

8 11 

9 10 


SMALL OUTLINE 


D[ 

1 

26 

Ivss 

W[ 

2 

25 

]Q 

mi 

3 

24 

](!§ 

TF[ 

4 

23 

]NC 

NC[ 

5 

22 

]A9 

A0[ 

9 

18 

]A8 

All 

10 

17 

lA7 

A2[ 

11 

16 

lA6 

A3C 

12 

15 

|A5 

Vcc I 

13 

14 

1A4 


MCM511002A 



P PACKAGE 
PLASTIC 
CASE 707A 



J PACKAGE 
PLASTIC 
SMALL OUTLINE 
CASE 822 



Z PACKAGE 
PLASTIC 
ZIG-ZAG IN-LINE 
CASE 836 


PIN NAMES 


A0-A9 Address Input 

D Data Input 

Q Data Output 

W Read/Write Enable 

RA§ Row Address Strobe 

Chip Select 

Vcc Power! + 5 V) 

Vss Ground 

TF Test Function Enable 

NC No Connection 


ZIG-ZAG IN-LINE 


A9 


n 

3 r“ 


“’1 4 

n 



1 A 

RAS 

jj ■" 
■"1 8 

NC 

"lio 

AO 

111"“ 

""'12 

A2 

==!m 

iH 

Vcc 

151"" 

""'16 

A5 


1 H 

A7 

191"" 

”“'20 


1 — 


CS 


W 

TF 

NC 

A1 

A3 

A4 

A6 

A8 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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BLOCK DIAGRAM 



ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-1 to -1-7 

V 

Voltage Relative to Vss Any Pin Except Vqc 

Vln. Vout 

-1 to +1 

V 

Test Function Input Voltage 

V|n(TF) 

-1 to -1-10.5 

V 

Data Out Current 

•out 

50 

mA 

Power Dissipation 

pd 

600 

mW 

Operating Temperature Range 

ta 

Oto +70 

°C 

Storage Temperature Range 

^stg 

-55 to +150 

“C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped- 
ance circuit. 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta= 0 to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 


Parameter 



Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 


4.5 

5.0 

5.5 

■ 

■ 


0 

0 

0 

Logic High Voltage, All Inputs 

V|H 

2.4 

- 

6.5 

V 

1 

Logic Low Voltage, All Inputs 


-1.0 

- 

0.8 

V 

1 

Test Function Input High Voltage 



- 

10.5 

V 

1 


DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vcc Power Supply Current 


■mu 




MCM511002A-70, tRC = 130 ns 






MCM511002A-80, tRC = 150 ns 






MCM511002A-10, tRC = 180 ns 


m^i 




Vcc Power Supply Current (Standby) (RAS=^ = V|n) 

•CC2 

- 

2.0 

lIlQillllllll^ 


Vcc Power Supply Current During RA§ only Refresh Cycles (^=V|h) 

•CC3 



mA 

2 

MCM511002A-70, tRC=130 ns 


— 

80 



MCM511002A-80, tRc = 150 ns 


- 

70 



MCM51 1002A-10, tRC = 180 ns 


- 

60 



Vcc Power Supply Current During Static Column Mode Cycle (RAS = CS = V|l) 

ICC4 



mA 

2 

MCM511002A-70, tsc=40 ns 


— 

60 



MCM511002A-80, tsc=45 ns 


- 

50 



MCM511002A-10, tsc = 50 ns 


- 

40 



Vcc Power Supply Current (Standby) (RAS = CS = Vcc-0-2 V) 

ICC5 

- 

1.0 

||||||Q2|||||||| 


Vcc Power Supply Current During CS Before RAS Refresh Cycle 

ICC6 

mmi 


mA 

2 

MCM511002A-70, tRC = 130 ns 



80 



MCM511002A-80, tRC = 150 ns 



70 



MCM511002A-10, tRC = 180 ns 


^mi 

60 



Input Leakage Current (Except TF) (0 V^Vjn^6.5 V) 

>lkg(i) 

-10 

10 



Input Leakage Current (TF) (0 V^Vin(TF)^Vcc+0-5 V) 

•ika(l) 

iimyQii 

10 



Output Leakage Current (CS = V|h, 0 V:sVout^5.5 V) 

•ika(O) 

-10 

10 

msB 


Test Function Input Current (Vcc + 4.5 V:sVjn(TF)^10-5 V) 

•in(TF) 

- 

1 

moQiiiiiiii 


Output High Voltage (IOH= “5 mA) 

VOH 

2.4 

- 

V 


Output Low Voltage (loL=4.2 mA) 

VOL 

- 

0.4 

V 



CAPACITANCE (f=1.0 MHz, Ta=25°C, Vcc = 5 V, Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Max 



Input Capacitance A0-A9, D 

W, TF 

C|n 

5 

PF 

3 

7 

WBM 

3 

Output Capacitance (?!S=V|h to Disable Output) Q 

Cout 

7 

pF 

3 


NOTES: 

1. All voltages referenced to Vss- 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 

3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = IAt/AV. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta = 0 to 70<*C, Unless Otherwise Noted) 


READ, WRITE, AND READ-MODIFY-WRITE CYCLES (See Notes 1 , 2 , 3, 4, and 5) 


Parameter 

Symbol 

MCM511002A-70 

MCM511002A-80 

MCM511002A-10 



Standard 

1 

1 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

tRC 


- 

9^9 

- 

180 

- 



Read-Write Cycle Time 

tRELREL 

tRWC 

mm 

- 


- 

BIB 

- 


wm 



tsc 

40 

- 

45 

- 

50 

- 






70 

- 

80 

- 

100 

- 



Access Time from RAS 

tRELQV 

tRAC 

- 

70 

- 

80 

- 

9E9 






- 

20 

- 

20 

- 

mm 



Access Time from Column Address 

tAVQV 


- 

35 

- 

40 

- 

50 



Access Time from Last Write 



- 

65 

- 

75 

- 

19^^1111111 


EB 

to Output in Low-Z 

tCELQX 

tCLZ 

0 

- 

0 

- 

0 

- 



Output Buffer and Turn-Off Delay 

tCEHQZ 

tOFF 

0 

20 

0 

20 

0 

20 


mm 


1^9 


5 

- 

5 

- 

5 

- 



Data Out Enable from Write 

tWHQV 

tow 

- 

20 

- 

20 

- 

25 



Data Out Hold from Write 

tWHQX 


0 

- 

0 

- 

0 

- 



Transition Time (Rise and Fall) 

tr 

tr 

3 

50 

3 

50 

3 

mm 



RAS Precharge Time 

tREHREL 

tRP 

50 

- 

60 

- 

70 

- 






70 

mm 

80 


100 




RAS Pulse Width (Static Column Mode) 

tRELREH 

tRASC 


m 

80 


100 




RAS Hold Time 

tCELREH 

tRSH 

^^9 

- 

20 

- 

25 

- 



CS Hold Time 

tRELCEH 


70 

- 

80 

- 


- 



Pulse Width 

tCELCEH 

tcs 

20 


20 

KPfrTti 

25 




US Pulse Width (Static Column Mode) 

tCELCEH 

tcsc 

20 


20 

100,000 

25 




RAS to CS Delay Time 

tRELCEL 

tRCD 

20 


^^^91 

60 

25 

75 


■a 

RAS to Column Address Delay Time 

tRELAV 

tRAD 

15 

35 


9E^^I 

20 

50 


mm 

^ to RA§ Precharge Time 

tCEHREL 

tCRP 

5 

- 


- 

5 

- 



CS Precharge Time (Static Column Mode 

Cycle Only) 




- 


- 


- 



Row Address Setup Time 

tAVREL 

tASR 

0 

- 

0 

- 

0 

- 



Row Address Hold Time 

tRELAX 

tRAH 

10 

- 

10 

- 

15 

- 

ns 



(continued) 


NOTES: 

1. V|H min and V|l max are reference levels for measuring timing of input signals. Transition times are measured between V|h and V|l. 

2. An initial pause of 200 fis is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V|h and V|l (or between V|l and V|h) in a monotonic manner. 

4. AC measurements tT=5.0 ns. 

5. TF pin must be at V|l or open if not used. 

6 . The specifications for tpc (min) and tpvvc indicate cycle time at which proper operation over the full temperature 

range (0 °C<Ta^ 70°C) is assured. 

7. Measured with a current load equivalent to 2 TTL (-200 ftA, +4 mA) loads and 100 pF with the data output trip points set at 
Vqh = 2.0 V and Vql = 0.8 V. 

8 . Assumes that tRCD^tRCD <'Tf'ax). 

9. Assumes that tRC 0 StRCD (ftia><). 

10. Assumes that tRAD^fRAD (max), and/or tLWAD^fLWAD (max). 

11. Assumes that tLWAD^fLWAD (max). 

12 . toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

13. Operation within the tRCp (max) limit ensures that tRAC (max) can be met. tRco (max) is specified as a reference point only; if tRco is 
greater than the specified tRQQ (max) limit, then access time is controlled exclusively by tQAC- 

14. Operation within the tRAD (max) limit ensures that tRAC (max) can be met. tRAD (max) is specified as a reference point only; if tRAD 's 
greater than the specified tRAD (max), then access time is controlled exclusively by tAA- 
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READ, WRITE, AND READ-MODIFY-WRITE CYCLES (Continued) 


Parameter 

Symbol 

MCM511002A-70 

MCM511002A-80 

MCM511002A-10 

— 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Column Address Setup Time 


tASC 

0 

- 

0 

- 

0 

- 

ns 


Column Address Hold Time 

tCELAX 

tCAH 

15 

- 

15 

- 

20 

- 



Write Address Hold Time Referenced to RAS 

tRELAX 

tAWR 

55 

- 

60 

_ 

75 

- 

ns 


Column Address Hold Time Referenced to 

R^ 

tRELAX 

tAR 


- 


- 

115 

- 

ns 


Column Address to RAS Lead Time 

tAVREH 

tRAL 


- 

40 

- 

50 

- 



Column Address Hold Time Referenced to 

RSS High 



■ 

- 

m 

- 

10 

- 



Write Command to Lead Time 

tWLCEH 

tCWL 

20 

- 

20 

- 

25 

- 



Last Write to Column Address Delay Time 

tWLAV 

0 

1 

20 

30 

20 



45 


mm 

Last Write to Column Address Hold Time 

tWLAX 

tAHLW 

65 

- 

75 

- 

95 




Read Command Setup Time 

tWHCEL 

tRCS 

0 

_ 

0 

- 

0 

- 



Read Command Hold Time 



0 

- 

0 

- 

0 

- 


■a 

Read Command Hold Time Referenced to 

RA§ 

tREHWX 

tRRH 

0 

- 


- 


- 

ns 

17 

Write Command Hold Time 

tCELWX 

tWCH 

15 

- 

16 

- 

20 

- 


mm 

Write Command Hold Time Referenced to 

RA§ 

tRELWH 

tWCR 

55 



■ 


- 

ns 


Write Command Pulse Width 



15 

- 

s 

- 

20 

- 

1^1 


Write Command Inactive Time 

tWHWL 

twi 

10 

- 

10 

- 

10 

- 

uy 


Write Command to RA§ Lead Time 




- 

20 

- 

25 

- 



Data In Setup Time 

tDVCEL 

tDS 

0 

- 

0 

- 

0 

~ 

IQ 

■a 




15 

- 

15 

- 

20 

- 

IQI 

■a 

Data in Hold Time Referenced to RAS 

tRELDX 

tDHR 

55 

- 

60 

- 

75 

- 



Refresh Period 

tRVRV 

tRFSH 

- 

8 

- 

8 

- 

8 



Write Command Setup Time (Output Data 
Disable) 




- 


- 

■ 

- 

g 

H 

to Write Delay 




-■ 

20 

- 

mm 

- 


■a 

RAS to Write Delay 

tRELWL 

tRWD 


- 

80 

- 


- 

iQm 

mm 

Column Address to Write Delay Time 




- 

40 

- 

IIIII^IIIIIIU 

- 

iQi 

■a 

CS Setup Time for CS Before RAS Refresh 

tRELCEL 


10 

- 

10 

- 

10 

- 

iQi 


Hold Time for Before RA§ Refresh 




- 

30 

- 

30 

- 

UQ 




tRPC 

0 

- 

0 

- 

0 

- 

UQ 


Precharge Time for Before RAS 

Counter Test 

tCEHCEL 

tCPT 


- 


- , 


- 

g 


Precharge Time 

tCEHCEL 

tCPN 

10 

- 

10 

- 

15 

- 



Test Mode Enable Setup Time Referenced to 

^EHREL 



- 

0 

- 

0 

- 

g 


Test Mode Enable Hold Time Referenced to 
R^ 

tREHTEL 

tTEHR 

0 

- 

■ 

- 

0 

- 

g 


Test Mode Enable Hold Time Referenced to 

tCEHTEL 

n-EHc 

0 

- 

H 

- 

0 

- 

g 



NOTES: 

15. tAH required to latch column address. 

16. Operation within the t^vy/Ap limit ensures that t/^|_W ^ ^LWAD (rnax) is specified as a reference point only; if tp/y/^p is greater 

than the specified t|_yy>\p (max) limit, then access time is controlled exclusively by t/^. 

17. Either tppH or tppH rnost be satisfied for a read cycle. 

18. tyvcS' ^CH' ^RWD' ^CWD' ^od t^WD oot restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only. If tyvcS^^CS ^oiin) and tyvcH^^CH the cycle is an early write cycle and the data out pin will remain 
open circuit (high impedance) throughout the entire cycle; if tpyyp^tpwD (min), tcwD^'CWD (min), and t/vy/VD^^AWD (min), the 
cycle is a read-write cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied, 
the condition of the data out (at access time) is indeterminate. 

19. These parameters are referenced to CS leading edge in random write cycles and to W leading edge in delayed write or read-modify-write 
cycles. 
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2 


RAS 

CS 

ADDRESSES 

READ CYCLE 

Q (DATA OUT) 

W 

WRITE CYCLE 

ADDRESSES 

Q (DATA OUT) 

W 

D (DATA IN) 

READ-WRITE CYCLE 

ADDRESSES 

Q (DATA OUT) 

W 

D (DATA IN) 


CS BEFORE RAS REFRESH COUNTER TEST CYCLE 


V|H- 

V|L- 

V|H- 

V|L- 

V|H- 

V|L- 

VOH- 

VOL- 

V|H- 

V|L- 

V|H- 

V|L- 

VOH- 

VOL- 

V|H- 

V|L- 

V|H- 

V|L- 

V|H- 

V|L- 

VOH- 

VOL- 

V|H- 

VlL- 

V|H- 

V|L- 


tCSR' 




1-^tCPT- 
-tCHR ►! L 

tASC-»1 







|8i 


■1 



^ — k- 


-tRP- 


tCRP- 


COLUMN 

ADDRESS 


tRCS- 



-tAA- 




HI 

IS 

M 


u 



n 

■ 


-tAH 




-‘RRH 




^ASC- 




-tRCH- 


COLUMN 

ADDRESS 


-tCAH 





■1 

HI 


s 

BBI 


■1 


■ 



mipiil 


Bl 


■1 

n 

■9 

BB 


m 


Bl 

■ 




mmmmmmm 



IBBS 

n 

miBiii 



mmmm 





n 

B 

■n 

IS 


BE 

Ml 


IPI 



D^S 

iki 




m 

!■ 

■M! 






•snmras 


-tDH 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator pump to establish the cor- 
rect bias voltage. This is to be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize the 
various dynamic nodes internal to the device. During an ex- 
tended inactive state of the device (greater than 4 milliseconds 
with device powered up), the wake up sequence (8 active 
cycles) will be necessary to assure proper device operation. 

ADDRESSING THE RAM 

The ten address pins on the device are time multiplexed 
with two separate 10-bit address fields that are strobed at the 
beginning of the memory cycle by tw o clocks (active negative) 
called the row address strobe (RAS) and chip select (CS). A 
total of twenty address bits will decode one of the 1,048,576 
cell locations in the device. The column address strobe follows 
the row address strobe by a specified minimum and maximum 
time called "tpcD/' which is the row to column strobe delay. 
This time interval is also referred to as the multiplex window 
which gives flexibility to a system designer to set up his external 
addresses into the RAM. These conditions have to be met for 
normal read or write cycles. This initial portion of the cycle 
accomplishes the normal addressing of the device. There are, 
however, tw o oth er variations in addressing the 1M RAM, one 
is called the RAS only refresh cycle (described later) where a 
9-bit row addr ess fi eld is presented on the input pins and 
latched by the RAS clock. The most sighif leant bit on Row 
Address A9 is not required for refresh. The other variation, 
which is called static column mode, allows the user to column 
access the 1024 bits within a selected row. (See STATIC COL- 
UMN CYCLES section.) 

READ CYCLE 

A read cycle is referred to as a normal read cycle to differ- 
entiate it from a page mode read cycle, a read-while-write 
cycle, and read-modify-write cycle which are covered in a later 
section. 

The m emor y read cycle begins with the row addresses valid 
and ^ RAS clock transitioning from V|h to the V|l. level. 
The CS clock must also make a transition from V|h to the V|l 
level at the specified tf^cp ti ming l imits when the column 
addresses are latched. Both the RAS and CS clocks trigger a 
sequence of events which are controlled by several delayed 
internal clocks. Also, these clocks are linked in such a manner 
that the access time of the device is independent of the address 
multiplex window. The only stipulation is that the ^ clock 
must be active before or at the tRCP max imum specification 
for an access (data valid) from the RAS clock edge to be 
guaranteed (tpAC)- If fRCD niaximum condition is not 
met, the access (tpAC) from the CS clock active transition 
will determine read acc ess ti me. The external CS signal is 
ignored until arnnternal RAS signal is available. This gating 
feature on the CS clock will allow the external CS signal to 
become active as soon as the row address hold time (tpAH) 
specification has been met and defines the tpcD minimum 
specification. The time difference between tpcD minimum and 
tRCD maximum can be used to absorb skew delays in switch- 
ing the address bus from row to column addresses and in 
generating the CS clock. 

Once the clocks have become active, t hey m ust stay active 
for the minimum (tRAS) peri^for the RA S clo ck and the 
minimum (tps) period for the CS clock. The RAS clock must 


stay inactive for the minimum (tRp) time. The former is for 
the completion of the cycle in progress, and the latter is for 
the device internal circuitry to be precharged for the next active 
cycle. 

Data out is not latched and is valid as long as the CS clock 
is active; the output will switch to the three-state mode when 
the ^ clock goes inactive. To perform a read cycle, the write 
(W) input must be held at the V|h level from the time the CS 
clock makes Its active transition (tRCS) to the time when it 
transitions into the inactive (tRQH) niode. 

WRITE CYCLE 

_A write cycle is similar to a read cycle except that the Write 
(W) clock must go active (V||_ level) at or before the CS clock 
goes active at a minimum tyves time. If the above condition 
is met, then the cycle in progress is referred to as an early 
write cycle. In an early write cycle, the write clock and the 
data in are referenced to the active transition of the CS clock 
edge. There are two important parameters with respect to the 
write cycle: the column strobe to write lead time (tpWL) and 
the row strobe to write lead time (tRWL)- These define the 
minimum time that RAS and CS clocks need to be active after 
the write operation has started (W clock at V|l level). 

It is also possible to perform a late wrjte cycle. For this cycle 
the write clock is activated after the CS goes low which is 
beyond tyycS minimum time. Thus the parameters tpvyL and 
tRWL niust be satisfied before terminating this cycle. The 
difference between an early write cycle and a late write cycle 
is that in a late write cycle the write (W) clock can occur much 
later in time with respect to the active transition of the CS 
clock. This time could be as long as 10 microseconds — 
[tRWL+tRP+2tT]. 

At the start of an early write cycle, the data out is in a high 
impedance condition and remains inactive throughout the 
cycle. The data out remains three-state because the active 
transition of the write (W) clock prevents the CS clock from 
enabling the data-out buffers. The three-state condition (high 
impedance) of the data out pin during a write cycle can be 
effectively utilized in systems that have a common input/out- 
put bus. The only stipulation is that the system use only early 
write mode operations for all write cycles to avoid bus 
contention. 

READ-MODIFY-WRITE AND READ-WHILE-WRITE 
CYCLES 

As the name implies, both a read and a write cycle are 
accomplished at a selected bit during a single access. The 
read-modify-write cycle is similar to the late write cycle dis- 
cussed above. 

For the read-modify-write cycle a normal read cycle is ini- 
tiated with the write (W) clock at the V|h level until the read 
data occurs at the device access time (tRAC)- 
write (W) clock is asserted. The data in is setup and held with 
respect to the active edge of the write clock. The cycle de- 
scribed assumes a zero modify time between read and write. 

Another variation of the read-modify-write cycle is the read- 
while-write cycle. For this cycle, teWD an important 
role. A read-whjle-write cycle starts as a normal read cycle 
with the write (W) clock being asserted at minimum teWD 
time, depending upon the application. This results in starting 
a write operation to the selected cell even before data out 
occurs. The minimum specification on teWD assures that data 
out does occur. In this case, the data in is set up with respect 
to write (W) clock active edge. 
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STATIC COLUMN CYCLES 

Static column operation allows fast successive data oper- 
ations at the 1024 column l ocatio ns within a row. Access time 
is typically half the regular RAS clock access ( tRAC )- Static 
column operation is achieved by holding both RAS and CS 
low, and selecting the column location determined by the 10- 
bit column address field. 

The static column cycle is always i nitiat ed with a row address 
being provided and latched by the RAS clock, followed by a 
column address and CS clock, as in a normal read or write 
cycle. Subsequent column addresses are accessed at a higher 
speed (tAAr tALW» fQW/ O'" fCAC» depending on the previous 
and intended operation), as the column address field is 
changed. Read, write, and read-write operations can be per- 
formed and mixed in any order when the device is in the static 
column mode. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to 
degrade with time and temperature. Therefore, to retain the 
correct information, the bits need to be refreshed at least once 
every 8 milliseconds. This is accomplished by sequentially cy- 
cling through the 512 row address locations every 8 millise- 
conds, (i.e.,, at least one row every 15.6 microseconds). A 
normal read or write operation to the RAM will refresh all the 
bits (2048) associated with the particular row decoded. 

RAS-Only Refresh 

In this refresh method, the system must perform a RAS- 
only cycle on 512 row addresses every 8 m illiseconds. The 
row addresses are latched in with the RAS clock, and the 
associated internal row locations are refreshed. As the heading 
implies, the CS clock is not required and must be inactive or 
at a V|H level. 

^ Before RAS Refresh 

This refresh cycle is initiated when RAS falls, after ^ has 
been low (by tcSR)- This activates the internal refresh counter 
which generates the row address to be refreshed. Externally 
applied addresses are ignored during the automatic refresh 
cycle. If the output buffer was off before the automatic refresh 
cycle, the output will stay in the high impedance state, if the 
output was enabled by CS in the previous cycle, the data out 
will be maintained during the automatic refresh cycle as long 
as CS is held active (hidden refresh). 


Hidden Refresh 

The hidden refresh method allows refresh cycles to be per- 
formed while maintaining valid data at the output pin. Hi dden 
refresh is performed by holding CS at V|{_ and taking RAS 
higl^and aft er a s pecified precharge period (tRp), executing 
a CS before RAS refresh cycle. (See Rgure 1.) 

^ BEFORE Ri^ REFRESH COUNTER TEST 
The internal refr esh c ounter of this device can be tested 
with a CS before RAS refresh counter test. This refresh 
counter test is performed with a read-write operation. During 
this test, the internal refresh counter generates the row ad- 
dress, while the external address input supplies the column 
address. The entire array is refreshed after 512 test cycles, as 
indicate d by the check data written in each row. See CS 
before RAS refresh counter test cycle timing diagram. 

The t est ca n be performed only after a minimum of 8 ^ 
before RAS initialization cycles. The test procedure is as 
follows: 

1. Write ''0"s into all memory cells (normal write mode). 

2. Select a column address, read “0 " out a nd write "V' into 
the cell by performing CS before RAS refresh counter 
test, read-write cycle. Repeat this operation 512 times. 

3. Read “1”s (normal read mode), which were vyritten at 
step 2. 

4. Using the same column as in step 2, read “V ou t and 
write "0" into the cell by performing CS before RAS 
refresh counter test, read-write cycle. Repeat this 
operation 512 times. 

5. Read "0"s (normal read mode), which were written at 
step 4. 

6. Repeat steps 1 to 5 using complement data. 

TEST MODE 

Internal organization of this device (256K x 4) allows it to be 
tested as if it were a 256K x 1 DRAM. Only nine of the ten 
addresses (A0-A8) are used in test mode; A9 is internally 
disabled. A test mode write cycle writes data, D (data in), to 
a bit in each of the four 256Kx 1 blocks (B0>B3), in parallel. 
A test mode read cycle reads a bit in each of the four blocks. 
If data is the same in all four bits, Q (data out) is the same as 
the data in each bit. If data is not the same in all four bits, Q 
is high Z. See truth table and block diagram. 

Test mode can be used in any timing cycle. Including page 
mode cycles. The test mode function is enabled by holding 
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Figure 1. Hidden Refresh Cycle 
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the 'TF" pin on ''super voltage" for the specified period (tfES* 
tTEHR» tTEHC; see TEST MODE CYCLE). 

"Super voltage" = Vcc + 4.5 V 

where 

4.5 V<Vcc <5.5 V and maximum voltage = 10.5 V. 

A9 is ignored in test mode. In normal operation, the 'TF" 
pin must either be connected to V||_, or left open. 


Test Mode Truth Table 


D 

BO 

B1 

B2 

mm 

Q 






0 






1 

iHH 



HHI 

High-Z 


TEST MODE CYCLE 



ORDERING INFORMATION 
(Order by Full Part Number) 


Motorola Memory Prefix- 
Part Number 


MCM 511002A 


X 



Speed (70=70 ns, 80 = 80 ns, 
10=100 ns) 


Package (P = Plastic DIP, J = Plastic SO 
with J leads, Z= Plastic ZIP) 


Full Part Numbeis-MCM511002AP70 
MCM511002AP80 
MCM511002AP10 


MCM511002AJ70 

MCM511002AJ80 

MCM511002AJ10 


MCM511002AZ70 

MCM511002AZ80 

MCM511002AZ10 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Advance Information 

256K X 4 CMOS Dynamic RAM 

The MCM514256A is a 1.2/t CMOS high-speed, dynamic random access memory. It is 
organized as 262,144 four-bit words and fabricated with CMOS silicon-gate process tech- 
nology. Advanced circuit design and fine line processing provide high performance, im- 
proved reliability, and low cost. 

The MCM514256A requires only nine address lines; row and column address inputs are 
multiplexed. The device is packaged in a standard 300-mil dual-in-line package (DIP), a 
300-mil J-lead small outline package (SOJ), and a 100-mil zig-zag in-line package (ZIP). 

• Three-State Data Output 

• Fast Page Mode Capability 

• TTL- Compatible Inputs and Output 

• RAS Only R efresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 512 Cycle, 8 ms Refresh 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAC^- 

MCM514256A-70 and MCM51L4256A-70 = 70 ns (Max) 

MCM514256A-80 and MCM51 L4256A-80 = 80 ns (Max) 

MCM514256A-10 and MCM51L4256A-10 = 100 ns (Max) 

• Low Active Power Dissipation: 

MCM514256A-70 and MCM51L4256A-70 = 440 mW (Max) 

MCM514256A-80 and MCM51 L4256A-80 = 385 mW (Max) 

MCM514256A-10 and MCM51L4256A-10 = 330 mW (Max) 

• Low Standby Power Dissipation: 

11 mW (Max), TTL Levels 
5.5 mW (Max), CMOS Levels 


MCM514256A 

MCM51U256A 


P PACKAGE 
PLASTIC 
CASE 738A 



J PACKAGE 
SMALL OUTLINE 
CASE 822 




Z PACKAGE 
PLASTIC 
ZIG-ZAG IN-LINE 
CASE 836A 


PIN NAMES 


A0-A8 Address Input 

DQ0-DQ3 Data Input/Output 

G Output Enable 

W Read/Write Input 

RAS Row Address Strobe 

CAS ...... Column Address Strobe 

Vcc Power ( + 5 V) 

Vss Ground 

NC No Connection 


PIN 

ASSIGNMENT 


SMALL OUTLINE 


ZIG-ZAG IN-LINE 

1 


DUAL-IN-LINE 










DQ0[ 

1 

26 

I Vss 







Vss 

DQ0[ 

1 • 

20 

Ivss 

DQ1[ 

2 

25 

]DQ3 

DQ1[ 

2 

19 

]DQ3 

w[ 

3 

24 

]DQ2 

DQ1 

w[ 

3 

18 

]DQ2 

mi 

4 

23 

ICAS 

RAS 

R^[ 

4 

17 

]C^ 

NC[ 

5 

22 

IG 


NC[ 

5 

16 

IG 





AO 

A0[ 

6 

15 

1A8 





A2 

A1[ 

7 

14 

]A7 

A0[ 

9 

18 

lA8 

Vcc 

A2[ 

8 

13 

]A6 

AlE 

10 

17 

lA7 

A3[ 

9 

12 

]A5 

A2[ 

11 

16 

]A6 

A5 

vccE 

10 

11 

]A4 

A3[ 

12 

15 

]A5 

A7 





vcci 

13 

14 

]A4 



DQ3 

DQO 

W 

NC 

A1 

A3 

A4 

A6 

A8 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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BLOCK DIAGRAM 



Vcc 

Vss 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-1 to -h7 

V 

Voltage Relative to Vss for Any Pin Except Vcc 

Vin» Vout 

-1 to +7 

V 

Data Out Current 

•out 

50 

mA 

Power Dissipation 

Pd 

1 

W 

Operating Temperature Range 

Ta 

Oto -1-70 

°C 

Storage Temperature Range 

_!stfl 

-55 to -1-150 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped- 
ance circuit. 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc=5.0 V ± 10%, Ta= 0 to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

1 

Vss 

0 

0 

0 

Logic High Voltage, All Inputs 

V|H 

2.4 

- 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

V|L 

-1.0 

- 

00 

o 

V 

1 


DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 



Vcc Power Supply Current 

icci 





MCM514256A-70 and MCM51L4256A-70, tRC = 130 ns 


— 

80 



MCM514256A-80 and MCM51 L4256A-80, tRC= 150 ns 


- 

70 



MCM514256A-10 and MCM51L4256A-10, tRC= 180 ns 


- 

60 



Vcc Power Supply Current (Standby) (RA§ = CAS = V|h) 

ICC2 

- 

2.0 



Vcc Power Supply Current During RAS only Refresh Cycles (CAS=V|h) 

ICC3 




2 

MCM514256A-70 and MCM51 L4256A-70, tRc= 130 ns 


— 

80 



MCM514256A-80 and MCM51 L4256A-80, tRC = 150 ns 


- 

70 



MCM514256A-10 and MCM51 L4256A-10, tRC = 180 ns 


- 

60 



Vcc Power Supply Current During Fast Page Mode Cycle (RAS=V|l) 

•CC4 





MCM514256A-70 and MCM51L4256A-70, tpc=40 ns 


— 

60 



MCM514256A-80 and MCM51L4256A-80, tpc = 46 ns 


— 

50 



MCM514256A-10 and MCM51L4256A-10, tpc = 55 ns 


- 

40 



Vcc Power Supply Current (Standby) (MA§ =CA§= Vcc “ 0-2 V) MCM514256A 

ICC5 

- 

1.0 

mA 


MCM51L4256A 


- 

200 

liA 


Vcc Power Supply Current During CAS Before RAS Refresh Cycle 

ICC6 





MCM514256A-70 and MCM51L4256A-70, tRc = 130 ns 



80 



MCM514256A-80 and MCM51L4256A-80, tRC=150 ns 



70 



MCM514256A-10 and MCM51L4256A-10, tRC»180 ns 


IHI 

60 



Vcc Power Supply Current, Battery Backup Mode— MCM51L4256A only 

>CC7 

■HH 




(tRC = 125 fts; tRAS = 1 min; CAS = (!^AS Before RAS Cycle or 0.2 V; A0-A8, G, 






W, DQO-DQ3 = Vcc-0.2 V or 0.2 V) 






Input Leakage Current (0 V:£Vjn^6.5 V) 

'lkg(ll 

-10 

10 

K9i 


Output Leakage Current (CAs=V|h, 0 V:sVout^5.5 V) 

•ika(O) 

-10 

10 

mA 


Output High Voltage (loH= - 5 mA) 

VOH 

2.4 

- 

V 


Output Low Voltage (Iol= 4.2 mA) 

VoL 

- 

0.4 

V 



CAPACITANCE (f=1.0 MHz, Ta=25^C, Vcc = 5 V, Periodically Sampled Rather Than 100% Tested) 


Parameter 




Notes 

Input Capacitance A0-A8 

5,ra§,Ca§,w 

Cin 

5 

PF 

3 

7 

PF 

3 

Output Capacitance (CAS=V|h to Disable Output) DQ0-DO3 

Gout 

7 

pF 

3 


NOTES: 

1. All voltages referenced to Vss- 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 

3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C =» lAt/AV. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5*0 V ± 10%, Ta= 0 to 70®C, Unless Otherwise Noted) 


READ, WRITE, AND READ-MODIFY-WRITE CYCLES (See Notes 1, 2, 3, and 4) 


Parameter 

Symbol 

MCM514256A-70 
MnuiRii aSRftA.m 

MCM514256A-80 

MriMRII a9RftA.im 

MCM5142S6A-10 

MrMRii asRRA.in 

Unit 

Notes 










Standard 

Alternate 

Min 

Max 



Min 

Max 



Random Read or Write Cycle Time 

tRELREL 


130 

- 

150 

- 


- 


5 

Read-Modify-Write Cycle Time 

tRELREL 

tRMW 

185 

- 


- 

245 

- 


5 

Fast Page Mode Cycle Time 

tCELCEL 

tpc 

40 

- 

45 

- 

55 

- 



Fast Page Mode Read-ModIfy-WrIte Cycle 
Time 

tCELCEL 

tpRMW 


- 

100 

- 

115 

- 

1 


Access Time from RA§ 

tRELQV 

tRAC 

- 

70 

- 

80 

- 

100 

m 

ED 

Access Time from CA§ 



- 

20 

- 

20 

- 

25 

la 

m 

Access Time from Column Address 

tAVQV 

tAA 

- 

35 

- 





wa 

Access Time from Precharge OAS 

tCEHQV 


- 

35 

- 

40 

- 

50 

m 

6 

CA$ to Output in Low-Z 

tCELQX 


0 

- 

mom 

- 

0 

- 

IQII 

6 

Output Buffer and Turn-Off Delay 

'CEHQZ 

tOFF 

0 

20 


20 

0 

20 


■Ell 

Transition Time (Rise and Fall) 

tr 

tr 

3 

50 

3 

50 

3 

50 

IQI 


RAS Precharge Time 




- 

60 

- 

70 

- 



^ Pulse Width 

tRELREH 




80 


100 

TO»7tl 

ns 


R>^ Pulse Width (Fast Page Mode) 

tRELREH 




80 


100 




RAS Hold Time 

tCELREH 

tRSH 

20 

- 

20 

- 

25 

- 

lOy 


CAS Hold Time 



70 

- 

80 

- 

100 

- 

IQI 


Pulse Width 

tCELCEH 


20 


20 


25 


ns 


RA§ to CaS Delay Time 

tRELCEL 



50 

20 

60 

25 

75 

IQI 

mm 

RAS to Column Address Delay Time 

tRELAV 

tRAD 

15 

35 

15 

40 

20 

50 


HQl! 

CAS to RA$ Precharge Time 


tCRP 

5 

- 

5 

- 

10 

- 

21^1 


CAS Precharge Time 



10 

- 

10 

- 

15 

- 

m 


CAS Precharge Time (Page Mode Cycle 
Only) 

tCEHCEL 



- 

10 

- 

10 

- 

Q 


Row Address Setup Time 

tAVREL 

tASR 


- 

0 

- 

0 

- 



Row Address Hold Time 



10 

- 

10 

- 

15 

- 

IQH 


Column Address Setup Time 

tAVCEL 


0 

- 

0 

- 

0 


IQI 


Column Address Hold Time 

tCELAX 

tCAH 

15 

- 


- 

20 

- 



Column Address Hold Time Referenced to 
RA§ 

tRELAX 

tAR 


- 

60 

- 

75 

- 

Q 


Column Address to RAS Lead Time 

tAVREH 

tRAL 

35 

- 

40 

- 

50 

- 




(continued) 

NOTES: 

1. V|H min and V|i_ max are reference levels for measuring timing of Input signals. Transition times are measured between V|h and V|[,. 

2. An initial pause of 200 /ts is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V|h and V|i_ (or between V|l and V|h) in a monotonic manner. 

4. AC measurements t7=5.0 ns. 

5. The specifications for tp(^ (min) and tp^yv ('^''^) fo indicate cycle time at which proper operation over the full temperature 

range (0 °C^Ta^ 70°C) is assured. 

6. Measured with a current load equivalent to 2 TTL (-200 /tA, +4 mA) loads and 100 pF with the data output trip points set at 
VoH =2.0 V and Vol=0.8 V. 

7. Assumes that tpcD^fRCD (max). 

8. Assumes that tpcD^fRCD (max). 

9. Assumes that tpAD^^RAD (max). 

10. toFF (max) and/or tQZ (max) defines the time at which the output achieves the open circuit condition and Is not referenced to output 
voltage levels. 

11. Operation within the tpcp (max) limit ensures that tpAC (max) can be met. tpQp (max) is specified as a reference point only; if tpcp is 
greater than the specified tpcp (max) limit, then access time is controlled exclusively by tcAC- 

12. Operation within the tpAO (max) limit ensures that tpAC (max) can be met. tpAD (max) is specified as a reference point only; if tpAD is 
greater than the specified tpAD (max), then access time is controlled exclusively by tAA- 
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READ, WRITE, AND READ-MODIFY-WRITE CYCLES (Continued) 



Symbol 



MCM514256A-10 



Parameter 

rM#JTuTTi 



lUIIMlilRil 












Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 




ISSSII 

tRCS 

0 

- 

0 

- 

0 

- 

m 

! 

Read Command Hold Time 

tCEHWX 

fRCH 

0 

- 

0 

- 

0 

- 

Bi 

mm 

Read Command Hold Time Referenced to 

tREHWX 

tRRH 

H 

- 

0 


0 


H 


Write Command Hold Time Referenced to 
(5\§ 

tCELWH 

tWCH 

15 

- 


- 

20 

- 

1 





55 


60 

- 

75 

- 



Write Command Pulse Width 

tWLWH 

tWP 

15 

- 

15 

- 

20 

- 

m 


Write Command to RAS Lead Time 

tWLREH 

tRWL 

20 

- 

20 

_ 

25 

- 

m 


Write Command to ZS5S Lead Time 

tWLCEH 

tCWL 

20 

- 

20 

- 

25 

- 



Data in Setup Time 

tDVCEL 

tDS 

0 

- 

0 

- 

0 

- 

19 

mm 

Data in Hold Time 

tCELDX 

tDH 

15 

- 

15 

- 

20 

- 

IQI 

mm 

Data in Hold Time Referenced to 

tRELDX 

tDHR 

55 

- 

60 

- 

75 

- 

m 




tRFSH 

- 

8 


8 

- 

8 






— 

64 

- 

64 

- 

64 

m 


Write Command Setup Time 

tWLCEL 

twcs 

0 

- 

0 

- 

0 

- 


mm 

(^A^ to Write Delay 

tCELWL 

tcWD 

50 

- 

50 

- 

60 

- 

■1 

■a 

RAS to Write Delay 

tRELWL 

tRWD 

IQS 

- 

SOB 

- 

135 

- 

m 

■a 

Column Address to Write Delay Time 

tAVWL 

tAWD 

65 

- 

70 

- 

85 

- 

la 

■a 

Setup Time for CAS Before 8AS 
Refresh 

tRELCEL 

tCSR 

10 

- 

10 

- 

10 

- 



Hold Time for CA§ Before RAS 
Refresh 

tRELCEH 

tCHR 

30 

’ - 


- 

30 

- 

1 




tRPC 

0 

- 

0 

- 

0 

- 

El 


CAS Precharge Time for (!^S Before 8 aS 
Counter Test 

tCEHCEL 

tCPT 

40 

- 

40 


50 

- 

H 


RAS Hold Time Referenced to C 

tQLREH 

tROH 

mm 

- 

10 

- 

20 

- 

m 


C Access Time 

tQLQV 

^GA 

- 

20 

- 

20 

- 

mm 

m 


C to Data Delay 

tQLHDX 

tGD 

20 

- 

20 

- 

25 


m 


Output Buffer Turn-Off Delay Time from C 

tGHQZ 

tGZ 

0 

20 

0 

20 

0 

mm 

BI 

■a 

<3 Command Hold Time 

tWLGL 

tGH 

20 

- 

20 

- 

25 


B1 



NOTES: 

13. Either tf^RH or tf^cH "lust be satisf ied fo r a read cycle. 

14. These parameters are referenced to CAS leading edge In random write cycles and to W leading edge in delayed write or read-modHy-write 
cycles. 

15. tyvcS' tRWD' ^CWD' ^od t^WD oot restrictive operating parameters. They are included in the data sheet as electrical characteristics 
only; if tyycs^^CS (nrtin), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout 
the entire cycle; if tcwD^^CWD (^'o), tRWD^^RWD (min), and tAWD^^AWD (min), the cycle is a read-modify-write cycle and the 
data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied, the condition of the data out (at 
access time) is indeterminate. 
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FAST PAGE MODE READ CYCLE 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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HIDDEN REFRESH CYCLE (READ) 


HIDDEN REFRESH CYCLE (WRITE) 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator pump to establish the cor- 
rect bias voltage. This is to be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize the 
various dynamic nodes internal to the device. During an ex- 
tended inactive state of the device (greater than 4 milliseconds 
with device powered up), the wake up sequence (8 active 
cycles) will be necessary to assure proper device operation. 

ADDRESSING THE RAM 

The nine address pins on the device are time multiplexed 
with two separate 9-bit address fields that are strobed at the 
beginning of the memory cycle by tw o clocks (active negative) 
called t he row address strobe (RAS) and the column address 
strobe (CAS). A total of 18 address bits will decode one of 
the 262,144 cell locations in the device. The column address 
strobe follows the row address strobe by a specified minimum 
and maximum time called ''tpcD/' which is the row to column 
strobe delay. This time interval is also referred to as the mul- 
tiplex window which gives flexibility to a system designer to 
set up his external addresses into the RAM. These conditions 
have to be met for normal read or write cycles. This initial 
portion of the cycle accomplishes the normal addressing of 
the device. There are, howeve r, oth er variations in add ressing 
the R AM, the refresh modes (RAS only refresh; CAS before 
RAS refresh; hidden refresh), another mode called page mode 
allows the user to column access the 512 bits within a selected 
row. The refresh mode and page mode operations are de- 
scribed in more detail later on. 

READ CYCLE 

A read cycle is referred to as a normal read cycle to differ- 
entiate it from a page mode read cycle, a read-whIle-write 
cycle, and read-modify-write cycle which are covered in a later 
section. 

The m emor y read cycle begins with the row addresses valid 
and the R AS clock transitioning from V|h to the V||_ level. 
The CAS clock must also make a transition from V|h to the 
V||_ level at the specified tRCD ti ming limit s whe n the column 
addresses are latched. Both the RAS and CAS clocks trigger 
a sequence of events which are controlled by several delayed 
internal clocks. Also, these clocks are linked in such a manner 
that the access time of the device is independent of the ad dress 
multiplex window. The only stipulation is that the CAS clock 
must be active before or at the tpcD maxi mum specification 
for an access (data valid) from the RAS clock edge to be 
guaranteed (tpAC)- If the tpcD maxi mum condition is not 
met, the access (tCAC) fmm the CAS clock a ctive t ransition 
will determine read acce ss tim e. The external CAS signal is 
ignored until a n inte rnal RAS signal is available. This gating 
feature on the CAS clock will allow the external CAS signal 
to become active as soon as the row address hold time (tpAH) 
specification has been met and defines the tpcD minimum 
specification. The time difference between tpcD minimum and 
tRCD maximum can be used to absorb skew delays in switch- 
ing the addres s bus from row to column addresses and in 
generating the CAS clock. 

Once the clocks have become active, t hey m ust stay active 
for the minimum (tRAS) period for the RAS clock and the 


minimum (tCAS) period for the CAS clock. The RAS clock 
must stay inactive for the minimum (tpp) time. The former is 
for the completion of the cycle in progress, and the latter is 
for the device internal circuitry to be precharged for the next 

active cycle. 

_ Data out is not latched and is valid as long as the CAS and 
G clocks are active; the o utput will switch to the three-state 
mode when either the C^ or G clock goes inactive. To perform 
a read cycle, the write (W) input must be held at the V|h level 
from the time the CAS clock makes its active transition (tpcs) 
to the time when it transitions into the inactive (tpcH) mode. 


WRITE CYCLE 

A write cycle is similar to a read cycle except tha t the Write 
(W) clock must go active (V|l level) at or before the CAS clock 
goes active at a minimum tyvcs fime. If the above condition 
is met, then the cycle in progress is referred to as an early 
write cycle. In an early write cycle, the write clo ck an d the 
data in are referenced to the active transition of the CAS clock 
edge. There are two important parameters with respect to the 
write cycle: the column strobe to write lead time (tcWL) aod 
the row strobe to write l ead t ime ( tRWL)- These define the 
minimum time that RAS and CAS clocks need to be active 
after the write operation has started (W clock at V|[, level). 

It is also possible to perform a late write c ycle. For this cycle 
the write clock is activated after the CAS goes low which is 
beyond tyycs minimum time. Thus the parameters tcWL 
tRWL must be satisfied before terminating this cycle. The 
difference between an early write cycle and a late write cycle 
is that in a late write cycle the write (W) clock can occur much 
later in time with respect to the active transition of the CAS 
clock. This time could be as long as 10 microseconds — 
[tRWL+tRp-t-2tT]. 

In a late write or a ready-modify-write cycle, G must be at 
the V|H level to bring the output buffers to high impedance 
prior to data-in being valid. 

At the start of an early write cycle, the data out is in a high 
impedance condition and remains inactive throughout the 
cycle. The data out remains three-state be cause the active 
transition of the write (W) clock prevents the CAS clock from 
enabling the data-out buffers. The three-state condition (high 
impedance) of the data out pin during a write cycle can be 
effectively utilized in systems that have a common input/out- 
put bus. The only stipulation is that the system use only early 
write mode operations for all write cycles to avoid bus 
contention. 


READ-MODIFY-WRITE CYCLE 

As the name implies, both a read and a write cycle are 
accomplished at a selected bit during a single access. The 
read-modify-write cycle is similar to the late write cycle dis- 
cussed above. 

For the read-modify-write cycle a normal read cycle is ini- 
tiated with the write (W) clock at the V|h level until the read 
data occurs at the device access time (tRAC)- fime the 
write (W) clock is asserted. The data in is setup and held with 
respect to the active edge of the write clock. The cycle de- 
scribed assumes a zero modify time between read and write. 
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PAGE-MODE CYCLES 

Page mode operation allows fast successive data operations 
at the 512 colu mn lo cations. Page access (tCAC) 'S typically 
half the regular RAS clock access (tpAC) on the Motorola 1M 
dyna mic RAM. Page mode operatio n con sists of holding the 
RAS clock active while cycling the CAS clock to access the 
column locations determined by the 9-bit column address field. 

The page cycle is always i nitiate d with a row address being 
provided and latc hed b y the RAS clock, followed by the col- 
umn address and CAS clock. From the timing illustrated, the 
initial cycle is a normal read or write cycle, th at ha s been 
previously descr ibed, followed by the shorter CAS cycles 
(tpc). The CAS cycle ti me ( tpc) consists of the CAS clock 
active time (tQAS)' and CAS clock precharge time (tQp) and 
two transitions. In addition to read and write cycles, a read- 
modify-write cycle can also be performed in a page mode 
operation. For a read-modify-write cycle, the conditions nor- 
mal to that mode of operation will apply in the page mode 
also. In practice, any combination of read, write and read- 
modify-write cycles can be performed to suit a particular 
application. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to 
degrade with time and temperature. Therefore, to retain the 
correct information, the bits need to be refreshed at least once 
every 8 milliseconds. This is accomplished by sequentially cy- 
cling through the 512 row address locations every 8 millise- 
conds, (i.e., at least one row every 15.6 microseconds). A 
normal read or write operation to the RAM will serve to refresh 
all the bits associated with the particular row decoded. 

RAS-Only Refresh 

In this refresh method, the system must perform a RAS- 
only cycle on 512 row addresses ev ery 8 milliseconds. The row 
addresses are latched in with the RAS clock, and the asso- 
ciated inter nal ro w locations are refreshed. As the heading 
implies, the CAS clock is not required and must be inactive 
or at a V|h level. 

CAS Before RAS Refresh 

CAS before RAS refreshing availabl e on the MCM514256A 
offers an alternate refresh method. If CAS is held on low for 


the specified period (tcSR) before RAS goes to low, on chip 
refresh control clock generators and the refresh address 
counter are enabled, and an internal refresh operation takes 
place. 

After the refresh operation is performed, the refresh address 
coun ter is autom atica lly incremented in preparation for the 
next CAS before RAS refresh operation. 

Hidden Refresh 

An optional feature of the MCM514256A is that a refresh 
cycle may be performed while maintaining valid data at the 
output pin. This is referred to as H idden Refresh. Hi dden 
Refresh is performed by holding CAS at V|[, and taking RAS 
hi gh an d after a sp ecified precharge period (tpp), executing 
a CAS before RAS refresh cycle, (see Figure 1 below) 


CAS BEFORE RAS REFRESH COUNTER TEST 

The intern al refre sh co unter of this device can be tested 
with a CAS before RAS refresh counter test. This refresh 
counter test is performed with a read-write operation. During 
this test, the internal refresh counter generates the row ad- 
dress, while the external address input supplies the column 
address. The entire array is refreshed after 512 test cycl es, as 
indicate d by the check data written in each row. See CAS 
before RAS refresh counter test cycle timing diagranru 

The t est ca n be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as 
follows. 


1. Write a "0"s Into all memory cells (normal write mode). 

2. Select a column addr ess, re ad “0" out a nd write “V into 
the cell by performing CAS before RAS refresh counter 
test, read-write cycle. Repeat this operation 512 times. 

3. Read "1"s (normal read mode), which were written at 
step 2. 

4. Using the same column as In step 2, read "1" ou t and 
write ‘'0" into the cell by performing CAS before RAS 
refresh counter test, read-write cycle. Repeat this 
operation 512 times. 

5. Read '"0"s (normal read mode), which were written at 
step 4. 

6. Repeat steps 1 to 5 using complement data. 
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Figure 1. Hidden Refresh Cycle 
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MCM514256A* MCM51 U256A 


2 


ORDERING INFORMATION 
(Order by Full Part Number) 



X XX 



Speed (70 = 70 ns, 80 = 80 ns, 

10 = 100 ns) 

Package (P = Plastic DIP, J = Plastic SO 


with J leads, Z= Plastic ZIP) 


Full Part Numbers- IVICM514256AP70 MCM514256AJ70 MCM514256AZ70 

MCM514256AP80 MCM514256AJ80 MCM514256AZ80 

MCM514256AP10 MCM514256AJ10 MCM514256AZ10 


MCM51L4256AP70 MCM51 L4256AJ70 MCM51 L4256AZ70 
MCM51L4256AP80 MCM51 L4256AJ80 MCM51 L4256AZ80 
MCM51L4256AP10 MCM51L4256AJ10 MCM51L4256AZ10 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Advance Information 

256Kx4 CMOS Dynamic RAM 

The MCM514258A is a I.O/i CMOS high-speed, dynamic random access memory. It is 
organized as 262,144 four-bit words and fabricated with CMOS silicon-gate process tech- 
nology. Advanced circuit design and fine line processing provide high performance, im- 
proved reliability, and low cost. 

The MCM514258A requires only nine address lines; row and column address inputs are 
multiplexed. The device is packaged in a standard 300-mil dual-in-line package (DIP), a 
300-mil J-lead small outline package, and a 100-mil zig-zag in-line package (ZIP). 

• Three-State Data Output 

• Static Column Mode Capability 

• TTL- Compatible Inputs and Output 

• RA S Only Refre sh 

• CS Before RAS Refresh 

• Hidden Refresh 

• 512 Cycle, 8 ms Refresh 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tpAC)- 

MCM514258A-70 = 70 ns (Max) 

MCM514258A-80 = 80 ns (Max) 

MCM514258A-10 = 100 ns (Max) 

• Low Active Power Dissipation: 

MCM514258A-70^440 mW (Max) 

MCM514258A-80 = 385 mW (Max) 

MCM514258A-10=330 mW (Max) 

• Low Standby Power Dissipation: 

11 mW (Max), TTL Levels 
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MCM514258A 


BLOCK DIAGRAM 



ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-1 to -1-7 

V 

Voltage Relative to Vss for Any Pin Except V^c 

V|n/ Vout 

-1 to +1 

V 

Data Out Current 

•out 

50 

mA 

Power Dissipation 

pd 

1 

W 

Operating Temperature Range 

Ta 

0 to -1-70 

°C 

Storage Temperature Range 

^stg 

-55 to -1-150 

°c 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped- 
ance circuit. 
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MCM514258A 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

1 

Vss 

0 

0 

0 

Logic High Voltage, All Inputs 

V|H 

2.4 

- 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

V|L 

-1.0 

- 

0.8 

V 

1 


DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vcc Power Supply Current 

icci 



mA 

2 

MCM514258A-70, tpc = 130 ns 


_ 

80 



MCM514258A-80, tpc = 150 ns 


- 

70 



MCM514258A-10, tRC = 180 ns 


- 

60 



Vcc Power Supply Current (Standby) (RAS = CS = V|h) 

ICC2 

- 

2.0 

mA 


Vcc Power Supply Current During RAS only Refresh Cycles (^ = V|h) 

>CC3 



mA 

2 

MCM514258A-70, tRC = 130 ns 


— 

80 



MCM514258A-80, tRC = 150 ns 


- 

70 



MCM514258A-10, tRC=180 ns 


- 

60 



Vcc Power Supply Current During Static Column Mode Cycle (RAS=V|l) 

•CC4 



mA 

2 

MCM514258A-70, tsc = 40 ns 


— 

60 



MCM514258A-80, tsc = 45 ns 


- 

50 



MCM514258A-10, tsc = 55 ns 


- 

40 



Vcc Power Supply Current (Standby) (RAS=U§=Vcc-0.2 V) 


- 

1.0 



Vcc Power Supply Current During Before RA6 Refresh Cycle 

ICC6 



mA 

2 

MCM514258A-70, tRC= 130 ns 


— 

80 



MCM514258A-80, tRC=150 ns 


- 

70 



MCM514258A-10, tRc=180 ns 


- 

60 



Input Leakage Current (0 V^ Vjp :s6.5 V) 

■ika(l) 

-10 

10 

mm 


Output Leakage Current (U§=V|h, 0 V:sVout^5.5 V) 

'lka(O) 

-10 

10 

mm 


Output High Voltage (loH= mA) 

VOH 

IQH 

- 

V 


Output Low Voltage (loL = 4-2 mA) 

VOL 


0.4 

V 



CAPACITANCE (f=1.0 MHz, Ta=25°C, Vcc = 5 V> Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Max 

Unit 

Notes 

Input Capacitance A0-A8 

G, RAS, W 

Cin 

5 

pF 

3 

7 

PF 

3 

Output Capacitance (C§=V|h to Disable Output) DQ0-DO3 

Cout 

7 

pF 

3 


NOTES: 

1. All voltages referenced to Vss- 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 

3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = lAt/AV. 
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MCM514258A 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5-0 V ± 10%, Ta= 0 to 70°C, Unless Otherwise Noted) 


READ, WRITE, AND READ-MODIf=Y-WRITE CYCLES (See Notes 1, 2, 3, and 4) 


Parameter 

Symbol 

MCIVI514258A-70 

MCM514258A-80 




2SJ5SHI 


Min 

Max 









- 

150 

- 

180 

- 

13 


Read-Modify- Write Cycle Time 

tRELREL 

tRMW 

185 

- 

205 

- 

245 


B9I 

5 

Static Column Mode Cycle Time 

tAVAV 



- 

45 

- 

55 


119 


Static Column Mode Read-Modify-Write Cycle 
Time 

tAVAV 

<SRMW 

B9 

- 


- 


- 

H 


Access Time from RAS 



- 

70 

. - 

80 

- 

BEI 


mm 



tCAC 

- 



25 

- 

KEI 

Ql 

EDI 

Access Time from Column Address 

tAVQV 

tAA 

- 


- 

40 

- 

50 



Access Time frorn Last Write 

tWLQV 

tALW 

- 

65 

- 

75 

- 


IQII 

BBiM 

CS to Output in Low-Z 

tCELQX 

tCLZ 


- 

0 

- 




6 

Output Buffer and Turn-Off Delay 

tCEHQZ 

tQFF 

0 

20 

0 

20 

0 

30 

IQI 

mm 

Output Data Hold Time from Column Address 

tAXQX 

tAOH 

5 

- 

5 

- 

5 

- 



Output Data Enable Time from Write 

tWHQV 

tow 

- 

20 

- 

20 

- 

30 

IQII 


Transition Time (Rise and Fall) 

tr 

tr 

3 

50 

3 

50 

3 

50 



RAS Precharge Time 

tREHREL 

tRP 

50 

- 


- 

70 

- 



R^ Pulse Width 

tRELREH 

tRAS 

70 

^03 

80 


100 

10,000 

ns 


RAS Pulse Width (Static Column Mode) 

tRELREH 

tRASC 

70 

100,000 

80 

IftNfrVrl 

100 

100,000 

ns 


^ to Hold Time 

tCELREH 


Bi 

- 

25 

- 

30 

- 



RAS to iCS Hold Time 

tRELCEH 


70 

- 

80 

- 





CS Pulse Width 

tCELCEH 

tcs 

mm 

KHRTrl 

25 


30 

10,000 

ns 


CS Pulse Width (Static Column Mode) 

tCELCEH 

tcsc 

25 

100,000 

wm 

100,000 

■H 


ns 


RAS to ^ Delay Tirne 

tRELCEL 

tRCD 

20 


20 

56 

25 

mm 

la 

mm 

RAS to Column Address Delay Time 

tRELAV 

tRAD 

15 

35 

15 

40 


50 


mm 

^ to RAS Precharge Time 

tCEHREL 

tCRP 

5 

- 

5 

- 

5 

- 

my 


CS Precharge Time 

tCEHCEL 

tCPN 

10 

- 

10 

- 

mm 

- 

my 


CS Precharge Time (Static Column Mode) 

tCEHCEL 

tCP 

10 

- 

10 

- 


- 

.my 


Row Address Setup Time 



0 

- 

0 

- 


- 



Row Address Hold Time 

tRELAX 

tRAH 

10 

- 

10 

- 

15 

- 

miy 


Column Address Setup Time 



^Qlllll 

- 

^Qlllllll 

- 

0 

- 

IS 


Column Address Hold Time 



15 

- 

15 

- 

20 

- 

my 



tRELAX 

tAWR 

55 

- 

60 


75 

- 

my 


Column Address Hold Time Referenced to RAS 

tRELAX 

tAR 

85 

- 

95 

- 

ms 

- 

myi 


Column Address to RAS Lead Time 

tAVREH 

tRAL 

35 

- 

40 

- 

50 

- 

ns 



1. V|H min and V||_ max are reference levels for measuring timing of input signals. Transition times are measured between V|h and V||_. 

2. An initial pause of 200 fis is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V|h and V|l (or between V|l and V|h) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specifications for tpQ (min) and tpMW indicate cycle time at which proper operation over the full temperature 

range (0 °C^Ta^ 70°C) is assured. 

6. Measured with a current load equivalent to 2 TTL (-200 fiA, +4 mA) loads and 100 pF with the data output trip points set at 
Voh = 2.0 V and Vol = 0.8 V. 

7. Assumes that tpcD-^RCD (max). 

8. Assumes that tRCD^fRCD (max). 

9. Assumes that tpAD^tpAQ (max). 

10. Assumes that t|_w/^Q<t|_vvA0 (max). 

11. tQFF (max) and/or t c^y define the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

12. Operation within the tpcD (max) limit ensures that tpAc (max) can be met. tpcp (max) is specified as a reference point only; if tRCp is 
greater than the specified tRco (max) limit, then access time is controlled exclusively by tcAC- 

13. Operation within the tR>\Q (max) limit ensures that tR^C (max) can be met. tp/^p (max) is specified as a reference point only; if tR/^p is 
greater than the specified tR/\p (max), then access time is conb-olled exclusively by tyvA- 
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MCM514258A 


READ, WRITE, AND READ-MODIFY-WRITE CYCLES (Contirrued) 


Parameter 

Symbol 

MCM514258A-70 

MCM514258A-80 

MCM5142S8A-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Column Address Hold Time Referenced to 

r7<§ 

tREHAX 

^AH 

10 

- 


- 


- 

P 


Last Write to Column Address Delay Time 

tWLAV 

tLWAD 

20 

30 


35 

25 



PB 

Last Write to Column Address Hold Time 

tWLAX 

tAHLW 

65 

- 

mm 

- 

95 

- 



Read Command Setup Time Referenced to 

tWHCEL 

tRCS 

0 

- 

m 

- 


- 

P 


Read Command Hold Time Referenced to 

tCEHWX 

tRCH 

0 

- 

0 

- 

0 

- 


■Bi 

Read Command Hold Time Referenced to 

RA§ 

tREHWX 

tRRH 

0 

- 

■1 

- 

B 

- 

P 


Write Command Hold Time (Output Data 
Disable) 

tCEHWH 

tWCH 

15 

- 

B 

- 


- 

ns 

17 

Write Command Hold Time Referenced to 

RA5 

tRELWH 

tWCR 

55 

- 


- 

75 

- 

ns 


Write Command Pulse Width 

IWLWH 

twp 

15 

- 


- 

20 

- 



Write Inactive Time 

tWHWL 

twi 

10 

- 

inmn 

- 

10 

- 



Write Command to RAS Lead Time 



20 

- 


- 

25 

- 



Write Command to CS Lead Time 

IWLCEH 

tCWL 


- 

20 

- 

25 

- 



Data in Setup Time 

tDVCEL 

tDS 

0 

- 

0 

- 

mnQiiiii 

- 


mm 

Data in Hold Time 



15 

- 


- 


- 


■Hi 

Data in Hold Time Referenced to RA$ 

tRELDX 

tDHR 

wm 

- 

60 

- 

75 

- 



Refresh Period 



- 

8 

- 

8 

- 

8 



Write Command Setup Time (Output Data 
Disable) 



■ 

- 

B 

- 


B 






55 

- 

55 

- 

66 

- 


■B: 

RAS to Write Delay (RMW Cycle) 

tRELWL 

tRWD 

■ESI 

- 

110 

- 


- 


■a; 

Column Address to Write Delay Time 

tAVWL 

tAWD 


- 

70 

- 

85 

- 


mm 

C§ Setup Time for Before RAS Refresh 

tCELREL 

tCSR 

10 

- 

10 

- 

10 

- 



Hold Time for CS Before RAS Refresh 

tRELCEH 

tCHR 


- 

30 

- 

30 

- 



RAS Precharge to C§ Active Time 

tREHCEL 

tRPC 

0 

- 

0 

- 

0 

- 



C§ Precharge Time for Before RAS 

Counter Test 

tCEHCEL 

tCPT 


- 


- 


B 



RAS Hold Time Referenced to 5 



10 

- 

10 

- 

20 

- 



S Access Time 

tGLQV 


- 

25 

- 

25 

- 

[||^]||| 



G to Data Delay 

tGHDX 


lEH 

- 


- 


- 






momiii 

20 

0 

20 


25 


m 

G Command Hold Time 

tWLGL 

tGH 

20 

- 

20 

- 

25 

- 




NOTES: 

^AH is the condition to latch the column address when RAS transitions from low to high. 

15. Operation within the specified tLWAD <ftiax) limit ensures that t^LW can be met. tLWAD (ftiax) is specified as a reference point 
only; if tLvyAD is greater than the specified tLWAD (max) limit, then access time is controlled exclusively by t>\A- 

16. Either tppH ot tRCH '^^'^st be satisfied for a read cycle. 

17- tyvCH' tWCS» tRWD/ tCWD' tAWD sre not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only; if tyvcS^lWCS snd tvycH>twcH (min), the cycle is an early write cycle and the data out pin will remain 
open circuit (high impedance) throughout the entire cycle; if tcwpSttCWD ('^lin), tRWD^tRWD (min), and Iawd^IAWD (min), the 
cycle is a read-modify-write cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is 
satisfied, the condition of the data out (at access time) is indeterminate. 

18. These parameters are referenced to CS leading edge in random write cycles and to W leading edge In delayed write or read-modify-write 
cycles. 
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WRITE CYCLE (EARLY WRITE) 
(G is Don't Care) 
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MCM514258A 


__ V|H 
RAS 

V|L 


_ V|H- 
CS 

V|L- 


V|H 

ADDRESSES 

V|L 


_ V|H- 
W 

V|L- 

V|H- 

G 

V|L- 


V|H 

DQ0-DQ3 

V|L 


_ V,H 
RAS 

V|L 


_ ViH 
CS 

V|L 


V|H 

ADDRESSES 

V|L 


V,H 

W 

V|L 

V|H 

G 

V|L 


Vih/Voh 

DQ0-DQ3 

VIL/VOL 


WRITE CYCLE (G CONTROLLED WRITE) 




* tRC 

^ tRAS ► 

. 


\ 

tCRP-f- 


to *4^ 

— to 

M tRSH 



K 


■ 

• tcs 




tRAD 

-<-*4- tRAH 


p — to — 



m 



mmmmmm 

tASC- 





■■1 

WMmmmmm 



mmmmm 

■ 

mmMmmmssimm 


>— 

IHigi 

■ 

toH— 


^ 


VALID DATA IN ^ 

mmmmmooc 


READ-MODIFY-WRITE CYCLE 
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MCM514258A 


RAS 


ADDRESSES 


CS 


W 


G 


DQ0-DQ3 


RAS 


ADDRESSES 


CS 


W 


DQ00Q3 


STATIC COLUMN MODE READ CYCLE 



STATIC COLUMN MODJ WRITE CYCLE (EARLY WRITE) (A) 
IG is Don't Care) 
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MCM514258A 


STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) (B) 
(G is Don't Care) 




STATIC COLUMN MODE READ-MODIFY-WRITE CYCLE 
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2 
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MCM514258A 



V,H-- 
m y 
V|L- 




tCSR- 




V|H-* 

V|L- 


CS BEFORE RAS REFRESH COUNTER TEST CYCLE 

I tRAS 




r“'' 

-tCHR H Jr 

— -T 


tASC- 


READ CYCLE 


Qljg 

tRSH 


1 

-J 




tRCS-H 


tCRP- 


tAH 


COLUMN 

ADDRESS 


. VlH- 
' V|L- 


^VlH- 
‘ V|L 


-tROH- 


-tCAC- 


tAA- 




OQO-DQ3 


.VOH- 

VOL- 


-HIGHZ- 


WRITE CYCLE 

V|H- 

ADDRESSES 

V|L- 

V|H- 


tASC- 




h^^CLZH 


m. 


■tGA 







IS 


3 

B 


; mxxxx> 


U— [tOFF- 
tQZ 


VALID DATA OUT 


-tCAH- 


COLUMN 

ADDRESS 


twcs- 


DQ0-DQ3 


VlL- 

^ V|H- 
' V|L 

V|H- 




> 




-tWCH- 


-twp- 


: ^mxxxx)o 




V|L- 

READ-MODIFY-WRiTE CYCLE 


-HIGH Z- 


C 


-tDH- 


tASC- 


<! xX x x) Q< xxxx^I 


tCAH-»*| 


COLUMN 

ADDRESS 


f V|H- 
V|L- 



-tRCS 


_V|H 

V|L 


twp- 


-tcWD- 




P< ^AA-l— — ► 


tCAC- 


DO0-DO3 


VlH/VOH- 

VlL/VoL- 


-HIGHZ- 




-tAWD — 
■tGA 


A 




l-^tGZ f<-»+-tDH 

^ N VALID — n 

DATA OUT 




H^-tCWL 
-tRWL— ► 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator pump to establish the cor- 
rect bias voltage. This is to be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize the 
various dynamic nodes internal to the device. During an ex- 
tended inactive state of the device (greater than 4 milliseconds 
with device powered up), the wake up sequence (8 active 
cycles) will be necessary to assure proper device operation. 

ADDRESSING THE RAM 

The nine address pins on the device are time multiplexed 
with two separate 9-bit address fields that are strobed at the 
beginning of the memory cyc le by two clocks (active low) 
called the row address strobe (RAS) and the column address 
strobe (CS). A total of 18 address bits will decode one of the 
262,144 cell locations in the device. The column address strobe 
follows the row address strobe by a specified minimum and 
maximum time called "tpcD/" which is the row to column 
strobe delay. This time interval is also referred to as the mul- 
tiplex window which gives flexibility to a system designer to 
set up his external addresses into the RAM. These conditions 
have to be met for normal read or write cycles. This initial 
portion of the cycle accomplishes the normal addressing of 
the device. There are, however, othe r variations in addressing 
the R AM, the refresh modes (RAS only refresh; CS before 
RAS refresh; hidden refresh), another mode called static col- 
umn mode allows the user to column access the 512 bits within 
a selected row. The refresh mode and static column mode 
operations are described in more detail later on. 

READ CYCLE 

A read cycle is referred to as a normal read cycle to differ- 
entiate it from a static column mode read cycle, a read-whiie- 
write cycle, and read-modify-write cycle which are covered in 
a later section. 

The m emor y read cycle begins with the row addresses valid 
and the RAS clock transitioning from V||-| to the V||_ level. 
The CS clock must also make a transition from V|h to the V|[_ 
level at the specified tRCD tim ing l imits when the column 
addresses are latched. Both the RAS and CS clocks trigger a 
sequence of events which are controlled by several delayed 
internal clocks. Also, these clocks are linked in such a manner 
that the access time of the device is independent of the address 
multiplex window. The only stipulation is that the ^ clock 
must be active before or at the tRCP max imum specification 
for an access (data valid) from the RAS clock edge to be 
guaranteed (tRAC)- fRCD nnaximum condition is not 
met, the access (tcAC) from the CS clock active transition 
will determine read acc ess ti me. The external CS signal is 
ignored until anjnternal RAS signal is avallable.JThis gating 
feature on the CS clock will allow the external CS signal to 
become active as soon as the row address hold time (tRAH) 
specification has been met and defines the tRCD minimum 
specification. The time difference between tRCD minimum and 
tRCD maximum can be used to absorb skew delays in switch- 
ing the address bus from row to column addresses and in 
generating the CS clock. 


Once the clocks have become active, t hey m ust stay active 
for the minimum (tRAS) period for the RA S clo ck and the 
minimum (tcs) period for the CS clock. The RAS clock must 
stay inactive for the minimum (tRp) time. The former is for 
the completion of the cycle in progress, and the latter is for 
the device internal circuitry to be precharged for the next active 
cycle. 

Data out is not latched and is valid as long as the CS and 
G clocks are active; the output will switch to the three-state 
mode when either the CS or G clock goes inactive. To perform 
a read cycle, the write (W) input must be held at the V|h level 
from the time the CS clock makes its active transition (tRCS) 
to the time when it transitions Into the Inactive (tRCH) mode. 

WRITE CYCLE 

A write cycle is similar to a read cycle except that the Write 
(W) clock must go active (V|l level) at or before the ^ clock 
goes active at a minimum twcS time. If the above condition 
is met, then the cycle in progress is referred to as an early 
write cycle. In an early write cycle, the write clock and the 
data in are referenced to the active transition of the ^ clock 
edge. There are two important parameters with respect to the 
write cycle: the column strobe to write lead time (tcWL) snd 
the row strobe to write lead time (tRWL)- These define the 
minimum time that RAS and CS clocks need to be active after 
the write operation has started (W clock at V|l level). 

It is also possible to perform a late write cycle. For this cycle 
the write clock is activated after the CS goes low which is 
beyond tyvcS minimum time. Thus the parameters tcWL and 
tRWL must be satisfied before terminating this cycle. The 
difference between an early write cycle and a late write cycle 
is that in a late write cycle the write (W) clock can occur much 
later in time with respect to the active transition of the ^ 
clock. This time could be as long as 10 microseconds— 

[tRWL + tRP + ZtTl. 

In a late write or a ready-modify-write cycle, G must be at 
the V|H level to bring the output buffers to high impedance 
prior to data-in being valid. 

At the start of an early write cycle, the data out is in a high 
impedance condition and remains inactive throughout the 
cycle. The data out retrains three-state because the active 
transition of the write (W) clock prevents the CS clock from 
enabling the data-out buffers. The three-state condition (high 
impedance) of the data out pin during a write cycle can be 
effectively utilized in systems that have a common input/out- 
put bus. The only stipulation is that the system use only early 
write mode operations for all write cycles to avoid bus 
contention. 

READ-MODIFY-WRITE CYCLE 

As the name implies, both a read and a write cycle are 
accomplished at a selected bit during a single access. The 
read-modify-write cycle is similar to the late write cycle dis- 
cussed above. 

For the read-modify-write cycle a normal read cycle is ini- 
tiated with the write (W) clock at the V|h level until the read 
data occurs at the device access time (tRAC)- At this time the 
write (W) clock is asserted. The data in is setup and held with 
respect to the active edge of the write clock. The cycle de- 
scribed assumes a zero modify time between read and write. 
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STATIC COLUMN MODE CYCLES 

Output buffers are always on when the device is in the static 
column mode and CS clock is not cycled, resulting in fewer 
transients and simpler operation. The static column mode al- 
lows faster access (tAA) to any of the 512 column addresses 
on a given row, typically at half the standard (tpAC) rate for 
randomly performed operations. Static column mode opera- 
tion c onsists of changing column addresses while holding the 
RAS and CS clocks active. A new column location can be 
accessed with each static column cycle (tsc)- 

Static column mode operation is initiated with a sta ndard 
read or write cycle. The row address is latched by the RAS 
clock transition to active, followed by column addr esses and 
CS clock. Performing an address cycle (tsc) while RAS and 
CS clocks remain active constitutes the first static column 
cycle. Sub seque nt static column cycles can be performed as 
long as the RAS and CS clocks are held active. The first access 
(data out) occurs at the standard (tpAC) 
operations in static column mode following the initial operation 
are measured at the faster rate (tAA)/ provided all other timing 
minimums are maintained. Static column cycle time deter- 
mines how fast successive bits are read. 

Any combination of read, write, or read-modify-write op- 
erations can be performed in the static column mode. The 
conditions normal to each operation apply when the device is 
operated in this mode. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to 
degrade with time and temperature. Therefore, to retain the 
correct information, the bits need to be refreshed at least once 
every 8 milliseconds. This is accomplished by sequentially cy- 
cling through the 512 row address locations every 8 millise- 
conds, (i.e., at ieast one row every 15.6 microseconds). A 
normal read or write operation to the RAM will serve to refresh 
all the bits associated with the particular rows decoded. 

RAS-Only Refresh 

In this refresh method, the system must perform a RAS- 
only cycle on 512 row addresses ev ery 8 milliseconds. The row 
addresses are latched in with the RAS clock, and the asso- 
ciated internal row locations are refreshed. As the heading 
implies, the CS clock is not required and must be inactive or 
at a V|H level. 


CS Before RAS Refresh 

^ before RAS refreshing available^ the MCM514258A 
offers an alternate refresh method . If C S is held on low for 
the specified period (tcSR) (before RAS goes to low, on chip 
refresh control clock generators and the refresh address 
counter are enabled, and an internal refresh operation takes 
place. 

After the refresh operation is performed, the refresh address 
counter is auto matic ally incremented in preparation for the 
next CS before RAS refresh operation. 

Hidden Refresh 

An optional feature of the MCM514258A is that refresh cycle 
may be performed while maintaining vaiid data at the output 
pin. This is referred to as Hidden Refresh. Hi dden Refresh is 
performed by holding CS at V|l and taking RAS high and 
after a specified precharge period (tpp), executing a CS before 
RAS refresh cycle, (see Figure 1 below) 

^ BEFORE RAS REFRESH COUNTER TEST 

The internal refr esh c ounter of this device can be tested 
with a ^ before RAS refresh counter test. This refresh 
counter test is performed with a read-write operation. During 
this test, the internal refresh counter generates the row ad- 
dress, while the external address input supplies the column 
address. The entire array is refreshed after 512 test cycles, as 
indicate d by the check data written in each row. See CS 
before RAS refresh counter test cycle timing diagram. 

The t est ca n be performed only after a minimum of 8 CS 
before RAS initialization cycles. The test procedure is as 
follows. 

1. Write a ''0"s into all memory cells (normal write mode). 

2. Select a column address, read "0 " out a nd write "1 " into 
the cell by performing CS before RAS refresh counter 
test, read-write cycle. Repeat this operation 512 times. 

3. Read '"1"s (normal read mode), which were written at 
step 2. 

4. Using the same column as in step 2, read “1" ou t and 
write '"0" into the cell by performing CS before RAS 
refresh counter test, read-write cycle. Repeat this 
operation 512 times. 

5. Read ''0"s (normal read mode), which were written at 
step 4. 

6. Repeat steps 1 to 5 using complement data. 



MEMORY CYCLE 
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Figure 1. Hidden Refresh Cycie 
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ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 514258A X XX 

Speed (70 = 70 ns, 80 = 80 ns, 

10= 100 ns) 

Package (P = Plastic DIP, J = Plastic SO 
with J leads, Z = Plastic ZIP) 

Full Part Numbers- MCM514258AP70 MCM514258AJ70 MCM514258A270 

MCM514258AP80 MCM514258AJ80 MCM514258AZ80 

MCM514258AP10 MCM514258AJ10 MCM514258AZ10 



2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 

Product Preview 

1 M X 8 Bit Dynamic Random 
Access Memory Moduie 

The MCM81000L and MCM81000S are 8M, dynamic random access memory 
(DRAM) modules organized as 1,048,576 x 8 bits. The modules are 30-lead single- 
in-line memory modules (SIMM) or 30-pin single-in-line packages (SIP) consist- 
ing of eight MCM511000 DRAMs housed in a 20/26 J-lead small outline pack- 
age (SOJ) and mounted on a substrate along with a 0.22 decoupling 
capacitor mounted under each DRAM. The MCM511000 is a I.O^i CMOS high 
speed, dynamic random access memory organized as 1,048,576 one-bit words 
and fabricated with CMOS silicon-gate process technology. 

• Three-State Data Output 

• Early-Write Common I/O Capability 

• Fast Page Mode Capability 

• TTL- Compatible Inputs and Outputs 

• RAS Only R efresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 512 Cycle, 8 ms Refresh 

• Consists of Eight 1M DRAMs and Eight 0.22 ^F Decoupling Capacitors 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAC)'- 

MCM81000-80=80 ns (Max) 

MCM81000-10=100 ns (Max) 

• Low Active Power Dissipation: 

MCM81000-80=^3.0 W (Max) 

MCM81000-10=^2.6 W (Max) 

• Low Standby Power Dissipation: 

TTL Levels =88 mW (Max) 

CMOS Levels=44 mW (Max) 

• CAS Control for Eight Common I/O Lines 

• Available in Edge Connector (MCM81000S) or Pin Connector (MCM81000L) 


MCM81000S (SIMM) 


■■ nnmmnnnnmnnnnn^ 


MCM81000L (SIP) 
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MCM81000 



S SUFFIX 
SIMM MODULE 
CASE 839 


30-PIN 

SINGLE IN-LINE PACKAGE 
(TOP VIEW, MCM81000S) 


Vcc 

CAS 


A1 

DQ1 

A2 

A3 

A4 


A8 


W 

z 

NC 

M 

NC 

NC 



PIN NAMES 1 

A0-A9 


DQ0-DQ7 . . 




Column Address Strobe 




W 


Vcc 

Power ( + 5 V) 

vss 


NC 



This document contains information on a product under deveiopment. Motorola reserves the right to change or discontinue this product without notice. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Product Preview 

1 M X 9 Bit Dynamic Random 
Access Memory Moduie 

The MCM91000L and MCM910(X)S are 9M, dynamic random access memory 
(DRAM) modules organized as 1,048,576 x 9 bits. The modules are 30-lead single- 
in-line memory modules (SIMM) or 30-pin single-in-line packages (SIP) consist- 
ing of nine MCM511000 DRAMs housed in a 20/26 J-lead small outline package 
(SOJ) and mounted on a substrate along with a 0.22 /tF decoupling capacitor 
mounted under each DRAM. The MCM511000 is a 1.0/t CMOS high speed, 
dynamic random access memory organized as 1,048,576 one-bit words and fab- 
ricated with CMOS silicon-gate process technology. 

• Three-State Data Output 

• Early-Write Common I/O Capability 

• Fast Page Mode Capability 

• TTL- Compatible inputs and Outputs 

• RAS Only R efresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 512 Cycle, 8 ms Refresh 

• Consists of Nine 1M DRAMs and Nine 0.22 /ttP Decoupling Capacitors 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAC)= 

MCM91000-80 = 80 ns (Max) 

MCM91000-10 = 100 ns (Max) 

• Low Active Power Dissipation: 

MCM91000-80 = 3.5 W (Max) 

MCM91000-10 = 3.0 W (Max) 

• Low Standby Power Dissipation: 

TTL Levels =99 mW (Max) 

CMOS Levels =50 mW (Max) 

• CAS Control for Eight Common I/O Lines 

• CAS Control for Separate I/O Pair 

• Available in Edge Connector (MCM91000S) or Pin Connector (MCM91000L) 

MCM91000S (SIMM) 


MCM91000 





S SUFFIX 
SIMM MODULE 
CASE 839 


30-PIN 

SINGLE IN-LINE PACKAGE 
(TOP VIEW, MCM91000S) 





MCM91000L (SIP) 



A0-A9 


DQ0-DQ7 . . . . 


D8 


Q8 


CAS 

.... Column Address Strobe 

^ 


W 


CASS 

.... Column Address Strobe 

vcc 


vss 


NC 



This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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FUNCTIONAL BLOCK DIAGRAM 
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General MOS Static RAMs 


MCM2018A 2Kx8, 35/45 ns, NMOS 3-3 

MCM6064, 8Kx 8, 100/120 ns, CMOS 3-8 

MCM60L64 8Kx8, 100/120 ns, CMOS, Lower Power 3-8 

MCM60256, 32Kx 8, 85/100/120 ns, CMOS 3-14 

MCM60L256 32Kx8, 85/100/120 ns, CMOS, Lower Power 3-14 

MCM60256APC 32Kx8, 100 ns, CMOS, Industrial Temperature Range 3-22 
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MOS Static RAMs 

( + 5V, OtoTQoC) 


Organization 


Access Time 
(ns max) 

Pins 

2Kx8 

MCM2018AN35 

35 

El 


MCM2018AN45 

45 

El 


CMOS Static RAMs 

( + 5 V, 0 to 70°C unless otherwise noted) 


Organization 

Part Number 

Access Time 
(ns max) 

Pins 

8Kx8 

MCM6064P10 

100 

28 


MCM6064P12 

120 

28 


MCM60L64P10 

100 

28 


MCM60L64P12 

120 

28 

32Kx8 

MCM60256AP85 

85 

28 


MCM6(X256AP10 

100 

28 


MCM60256AP12 

120 

28 


MCM60L256AP85 

85 

28 


MCM60I-256AP10 

100 

28 


MCM60L256AP12 

120 

28 


MCM60256APC10 

100 

24 


(2) Industrial temperature range, -40 to 85°C 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MCM2018A 


Fast 1 6K Bit Static RAM 


The MCM2018A is a 16,384 bit static random access memory organized as 2048 
words by 8 bits, fabricated using Motorola's high-performance silicon-gate MOS 
(HMOS) technology. It uses an innovative design approach which combines the 
ease-of-use features of fully static operation (no external clocks or timing strobes 
required) with the reduced standby power dissipation associated with clocked 
memories. To the user this means low standby power dissipation without the need 
for address setup and hold times, nor reduced data rates due to cycle times that 
are longer than access times. Perfect for cache and sub-100 ns buffer memory sys- 
tems, this high speed static RAM is intended for applications that demand superior 
performance and reliability. 

Chip enable (E) controls the power-down feature. It is not a clock but rather a 
chip control that affects power consumption. In less than a cycle time after E goes 
high, the part automatically reduces its power requirements and remains in this 
low-power standby mode as long as E remains high. This feature provides signifi- 
cant system-level power savings. 

The MCM2018A is in a 24-pin dual-in-line 300 mil wide package with the Indus- 
try standard JEDEC approved pinout. 

• Single -1-5 V Operation, ±10% 

• Fully Static; No Clock or Timing Strobe Required 

• Fast Access Time: MCM2018A-35 = 35 ns (Maximum) 

MCM2018A-45 = 45 ns (Maximum) 

• Power Supply Current: 135 mA Maximum (Active) 

20 mA Maximum (Standby) 

• Three-State Output 

BLOCK DIAGRAM 




PIN ASSIGNMENT 


A7[ 

1 • 

24 

Ivcc 

A6[ 

2 

23 

]A8 

A5[ 

3 

22 

]A9 

A4[ 

4 

21 

]w 

A3[ 

5 

20 

]G 

A2[ 

6 

19 

]aio 

A1[ 

7 

18 

]E 

A0[ 

8 

17 

]DQ7 

DQ0[ 

9 

16 

]DQ6 

DQ1 [ 

10 

15 

]DQ5 

DQ2[ 

11 

14 

]DQ4 

vss[ 

12 

13 

]DQ3 


PIN NAMES 


A0-A10 Address Input 

pQ0-DQ7 Data Input/Output 

W Write Enable 

G Output Enable 

E Chip Enable 

Vqc +5V Power Supply 

Vgs Ground 
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mode selection 


Mode 

E 

G 

W 

Vcc Current 

DQ 

Standby 

H 

X 

X 

■SB 

HighZ 

Read 

L 

L 

H 

\ icc 

Q 

Write Cycle 

L 

X 

L 

icc 

D 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to -1-7.0 

V 

Voltage on Any Pin With Respect to Vss 

Vin/ Vout 

-0.5 to -1-7.0 

V 

DC Output Current 

•out 

±20 

mA 

Power Dissipation 

Pd 

1.1 

Watt 

Temperature Under Bias 

Tbias 

-10 to -1-80 

°C 

Operating Temperature Range 

Ta 

0 to -^70 


Storage Temperature Range 

^stg 

-65 to -1-150 



NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Vss 

0 

0 

0 

V 

Input Voltage 

V|H 

2.0 

3.0 

6.0 

V 

V|L 

-0.5* 

0 

0.8 

V 


*The device will withstand undershoots to the - 2.5 volt level with a maximum pulse width of 50 ns. This is periodically sampled rather than 
100% tested. 

DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (V^c = 5.5 V, Vjn = GND to V^c) 

'lkg(l) 

-1.0 

1.0 

mA 

Output Leakage Current (E = V|h or G = V|h, V|/o = GND to Vcc) 

'lkg(O) 

-1.0 

1.0 

mA 

Operating Power Supply Current {E = V|l, I|/o = 0 ftiA) 

•cc 

- 

135 

mA 

Standby Power Supply Current (E = V|h) 

•SB 

- 

20 

mA 

Output Low Voltage (loL = 8 0 niA) 

VOL 

- 

0.4 

V 

Output High Voltage (loH= “4.0 mA) 

VOH 

2.4 

- 

V 


CAPACITANCE (f=1.0 MHz, Ta = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Input Capacitance 

All Inputs Except E and DQ 

Cin 

m 


pF 


E 


mM 

WM 


I/O Capacitance 

DQ 

C|/0 

5 

7 

pF 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5 V ±10%, Ta = 0 to ±70°C, Unless OthenA/ise Noted) 


Input Pulse Levels 0 and 3.0 V Input and Output Timing Measurement Reference Levels. . . 1.5 V 

Input Rise and Fall Times 5 ns Output Load See Figure 1 

READ CYCLE (See Note 1) 


Parameter 

Symbol 

MCM2018A-35 

MCM2018A-46 

Units 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Address Valid to Address Valid (Read Cycle Time) 

tAVAV 

tRC 

35 

- 

45 

- 

ns 


Address Valid to Output Valid (Address Access Time) 

tAVQV 

tAC 

- 


- 

IB 

BSI 


Chip Enable Low to Chip Enable High (Read Cycle Time) 

tELEH 

tRC 

35 

- 





Chip Enable Low to Output Valid (Chip Enable Access Time) 

tELQV 

tACS 

- 

35 

- 


12111 


Output Enable Low to Output Valid (Output Enable Access Time) 

tGLQV 

tOE 

- 

20 

- 

20 

ns 


Chip Enable Low to Output Invalid (Chip Enable to Output Active) 

fELQX 

tCLZ 

5 

- 

5 

- 

ns 

2 

Chip Enable High to Output High Z (Chip Disable to Output 

Disable) 



0 

20 

0 



2 

Output Enable Low to Output Invalid (Output Enable to Output 
Active) 



B 

- 

0 

- 

ns 

2 

Output Enable High to Output High Z (Output Disable to Output 
Disable) 

tQHOZ 


B 





2 

Address Invalid to Output Invalid (Output Hold Time) 

tAXQX 

HIQBI 

B 

- 

5 

- 

IQ 


Chip Enable Low to Power Up 

tELICCH 



- 

■i 

- 

1^2 


Chip Enable High to Power Down 

tEHICCL 

tpD 


20 


20 

ns 



NOTES: 


1 . Transition time specification applies for all input signals. In addition to meeting the transition rate specification, ail input signals must transition 
between V|l and V|h (or between V|h and V|l) in a monotonic manner. 

2. Transition is measured ±200 mV from the steady state output voltage with the output loading specified in Figure 1. 

3. In read cycle 2, all addresses are valid prior to or coincident with chip enable (E) transition low. 


READ CYCLE 1 {W = V|H, E = V|l) 




•ss 
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WRITE CYCLE (See Notes 1 and 2) 


Parameter 

Symbol 

MCM2018A-35 

MCM2018A-46 

Units 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Address Valid to Address Valid (Write Cycle Time) 

tAVAV 

twc 

35 

- 

45 

- 

ns 


Chip Enable Low to Write High (Chip Enable to End of Write) 

tELWH 

tEW 

30 

- 

40 

- 

ns 


Address Valid to Chip Enable Low (Address Setup to Chip Enable) 

tAVEL 

tAS 

0 

- 

0 

- . 

ns 


Address Valid to Write Low (Address Setup to Write) 

tAVWL 

tAS 

0 

- 

0 

- 

ns 


Address Valid to Write High 

tAVWH 

tAW 

30 

- 

40 

- 

ns 

3 

Write Low to Write High (Write Pulse Width) 

tWLWH 

twp 

30 

- 

35 

- 

ns 


Write High to Address Don't Care (Address Hold After End of Write) 

tWHAX 

tWR 

0 

- 

0 

- 

ns 

4 

Write High to Output Don't Care (Output Active After End of Write) 

tWHQX 

tWLZ 

0 

- 

0 

- 

ns 

5 

Write Low to Output High Z (Write Enable to Output Disable) 

tWLQZ 

tWHZ 

0 

20 

0 

20 

ns 

5 

Data Valid to Write High (Data Setup to End of Write) 

tDVWH 

tDS 

15 

- 

20 

- 

ns 

3 

Write High to Data Don't Care (Data Hold After End of Write) 

tWHDX 

tDH 

0 

- 

0 

- 

ns 

3, 5 

Output Enable High to Output High Z 

tGHOZ 

tOHZ 

0 

20 

0 

20 

ns 



NOTES: _ 

1 . Write enable (W) nrwst be high during all address transitions. 

2. If the chip enable (E) low transition occurs simultaneously with the write enable (W) transition, the output remains in a high impedance 

state. _ 

3. Both chip enable (E) and write enable (W) must be active (low) to write data into the memory. Either signal can terminate the write cycle 
by going high. Data in setup and hold timing should ^ referenced to th^ising edge of the signal that terminates the write. 

4. twHAX measured from the earlier of, chip enable (E) or write enable (W) going high to the end of write cycle. 

5. Output enable (G) can be either low or high during a write cycle. If chip enable (E) and G are both low during this period then the data 
input/output (DO) pins are in the output state. Under these conditions input signals of opposite phase to the outputs must not be applied. 


WRITE CYCLE 1 (W Controlled) 
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WRITE CYCLE 2 (E Controlled) 




5 V 



Figure 1. Output Load 


Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 2018A X XX 

-ITTI "L. 


Speed (35 = 35 ns, 45 = 45 ns) 
Package (N = 300-mil Plastic) 


Full Part Numbers-MCM2018AN35 
MCM2018AN45 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Advance Information 

8K x8 Bit CMOS Static Random 
Access Memory 

The MCM6064 is a 65,536 bit low-power static random access memory organized as 
8192 words of 8 bits, fabricated using silicon-gate CMOS technology. Static design elimi- 
nates the need for external clocks or timing strobes, while CMOS circuitry reduces power 
consumption and provides greater reliability. The maximum operating current is 5 mA/ 
MHz and corresponding maximum power consumption Is 27.5 mW/MHz. 

The chip enable pins (El and E2) are not clocks. Either pin, when asserted false, causes 
the part to enter a low power standby mode. The part will remain in standby mode until 
both pins are asserted true again. For MCM6064 typical standby current is 3 ^A, with a 
maximum of 100 /lA. For MCM60L64 typical standby current is 1 /lA. The availability of 
active high and active low chip enable pins provides more system design flexibility than 
single chip enable devices. 

The MCM6064 is available in a 600 mil, 28 pin plastic dual-in-line package. 

• Single 5 V Supply, ± 10% 

• 8K X 8 Organization 

• Fully Static — No Clock or Timing Strobes Necessary 

• Low Power Dissipation— 248 mW (Maximum Active) 

• Two Chip Enable Inputs for More System Design Flexibility and Low Power Standby 

Mode 

• Battery Backup Capability (MCM60L64) 

• Data Retention Supply Voltage =2.0 V to 5.5 V 

• All Inputs and Outputs Are TTL Compatible 

• Pin Compatible with 2764 EPROM Family 

• Three State Outputs 

• Fast Access Times: 

MCM6064-10 and MCM60L64-10= 100 ns (Max) 

MCM6064-12 and MCM60L64-12 = 120 ns (Max) 

BLOCK DIAGRAM 



Vcc 

Vss 


MCM6064 

MCM60L64 



PIN ASSIGNMENT 


NC[ 

1 • 

28 

3 Vcc 

A12[ 

2 

27 

3W 

A7E 

3 

26 

]E2 

A6[ 

4 

25 

]A8 

A5[ 

5 

24 

]A9 

A4[ 

6 

23 

]A11 

A3[ 

7 

22 

]G 

A2[ 

8 

21 

]aio 

A1[ 

9 

20 

]eT 

A0[ 

10 

19 

]DQ7 

DQ0[ 

11 

18 

]DQ6 

DQ1 [ 

12 

17 

]DQ5 

DQ2[ 

13 

16 

]DQ4 

vssE 

14 

15 

]DQ3 


PIN NAMES 


^-A12 Address 

W Write Enable 

ET, E2 Chip Enable 

G Output Enable 

DQ0-DQ7 Data Input/ Output 

Vcc + 5 V Power Supply 

Vss Ground 

NC No Connection 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM6064*MCM60L64 


TRUTH TABLE 


IT 

E2 

G 

W 

Mode 

Supply Current 

I/O Pin 

H 

X 

X 

X 

Not Selected 

'SB 

High Z 

X 

L 

X 

X 

Not Selected 

'SB 

High Z 

L 

H 

H 

H 

Output Disabled 

■cc 

High Z 

L 

H 

L 

H 

Read 

'cc 

Dout 

L 

H 

X 

L 

Write 

icc 

Din 


X = don't care 

ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

7 

V 

Voltage to Any Pin with Respect to Vss 

Vin' Vout 

-0.5 to Vcc H- 0.5 

V 

Power Dissipation (Ta = 25°C) 

Pd 

1.0 

w 

Temperature Under Bias 

^bias 

-10 to +85 

°c 

Operating Temperature 

ta 

0 to -f70 

°c 

Storage Temperature 

^stg 

-55 to -1-150 



NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

- 

Vcc + 0.3 

V 

Input Low Voltage 

V|L 

-0.3* 

- 

0.8 

V 


*V|L (min)= -0.3 V dc; V||_ (min)= -3.0 V ac (pulse width <50 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Input Leakage Current (All Inputs, Vin = 0 to Vcc) 

'lka(l) 

- 

<0.01 

±1.0 

/lA 

Output Leakage Current (ET = V|h, E2 = V|l, or G = V|h, Voyt = 0 to Vcc) 

l|ka(0) 

- 

<0.01 

±1.0 

mA 

DC Supply Current (El = V||_, E2 = V|h, Vjp = V|H or V|l) 

Icc 

- 

- 

10 

mA 

AC Supply Current (El =V|| , E2 = V|h, Vin = V|H or V|| , lniit = 0) 

•cCA 




mA 

MCM6064-10: tAVAV=100 ns 


— 

— 

45 


MCM6064-12: tAVAV=120 ns 


- 

- 

40 


Standby Current (El =V|h or E2 = V||_) 

ISBI 

- 

- 

3.0 

mA 

Standby Current (IT > Vcc - 0.2 or E2 < 0.2 V) MCM6064 

ISB2 

_ 

3 

100 

/lA 

MCM60L64 


- 

1 

30 


Output Low Voltage (loL=4.0 mA) 

VoL 

- 

- 

0.4 

V 

Output High Voltage (Iqh = - 1.0 mA) 

VOH 

2.4 

- 

- 

V 


CAPACITANCE (Periodically Sampled Rather Than 100% Tested) 


Characteristic | 

Symbol 

Min 

Max 

Unit 

Input Capacitance (Vjn = 0 V) 

All Inputs Except DO 

Din 


6 

PF 

I/O Capacitance (V|/o = 0 V) 

DO 

C|/0 


8 

PF 
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MCM6064*MCM60L64 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


Input Pulse Levels 

Input Rise/ Fall Time 

. . . 0.6 V, 2.4 V 

Output Timing Measurement Reference Levels . . 
Output Load 

. . .0.8 and 2.2 V 
. . . See Figure 1 

Input Timing Measurement Reference Levels . . . 

1.5 V 




READ CYCLE (See Note 1) 


Parameter 

Symbol 














Read Cycle Time 

tAVAV 

tRC 

100 

- 

120 

- 

ns 

- 

Address Access Time 

tAVQV 

tAA 

- 

mm 

- 

HEI 

ns 

- 

IT Access Time 

tEILQV 


- 

mm 

- 

HEI 

IIQH 

- 

E2 Access Time 

tE2HQV 


_ 

100 

- 



- 

G Access Time 

tGLQV 

tOE 

- 

50 

- 



- 

Output Hold from Address Change 

«AXQX 

tOH 

20 

- 

20 

- 


- 

Chip Enable to Output Low-Z 

tEILQX^ tE2HQX 

tCLZ 

10 

- 

10 

- 

ns 

2, 3 

Output Enable to Output Low-Z 

tGLQX 

tOLZ 

5 

- 

5 

- 

ns 

2,3 

Chip Enable to Output High-Z 

tEIHQZ. tE2LQZ 

tCHZ 

0 

35 

0 

40 

ns 

2, 3 

Output Enable to Output High-Z 

tGHQZ 

tOHZ 

0 

35 

0 

40 

ns 

2, 3 


NOTES: 

1 . W is high at all times for read cycles. 

2. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from the 
previous steady state voltage. 

3. These parameters are periodically sampled and not 100% tested. 


A (ADDRESS) 


El, E2 (CHIP ENABLE) 


G (DUTPUT ENABLE) 


0 (DATA OUT) - 


-tAVAV - 




- tAVQV - 


K 


-tEILQV- tE2HQV- 


\ 


-tGlQV- 


1 — r 




1-^ tGLQX - 

J^EILQX 

tE2HQX 




1-^tAXQX- 


X 


X 


I tEiHQZ 
tE2LQZ' 


-tGHQZ- 


> 


5.0 V 



Rl = 930 


1N914B 
OR EQUIV. 


Figure 1. AC Test Load 
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MCM6064* MCMeOL64 


WRITE CYCLE 1 (W CONTROLLED) (See Note 1) 


Parameter 

Symbol 

Alt 

Symbol 

MCM6064-10 

MCM60L64-10 

MCM6064-12 

MCM60L64-12 

Unit 

Notes 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

twc 

100 

- 

120 

- 

ns 

- 

Address Setup Time 

tAVWL 

tAS 

0 

- 

0 

- 

ns 

- 

Address Valid to End of Write 

tAVWH 

tAW 

80 

- 

85 

- 

ns 

- 

Write Pulse Width 

tWLWH 

twp 

60 

- 


- 

ns 

2 




40 

- 

60 

- 

ns 

- 

Data Hold Time 


tDH 

0 

- 


- 

ns 

3 

Write Low to Output in High-Z 

tWLOZ 

tWHZ 

0 

35 

0 

40 

ns 

4, 5 

Write High to Output Low-Z 

tWHQX 

tWLZ 

5 

- 

5 

- 

ns 

4, 5 

Write Recovery Time 

tWHAX 

tWR 

0 

- 

0 

- 

ns 

- 


NOTES: _ _ _ 

1. A write cycle starts at the latest transition of a low El, low W or high E2. A write cycle ends at the earliest transition of a high E1, high 
W or low E2. 

2. If W goes low coincident with or prior to E1 low or E2 high then the outputs will remain in a high impedance state. 

3. During this time the output pins may be in the output state. Signals of opposite phase to the outputs must not be applied at this time. 

4. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from 
the previous steady state voltage. 

5. These parameters are periodically sampled and not 100% tested. 
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MCM6064«IVICIVI60L64 


WRITE CYCLE 2 (El, E2 CONTROLLED) (See Note 1) 


Parameter 

Symbol 


MCM6064-10 

MCM60L64-10 

MCM6064-12 

MCM60L64-12 

Unit 

Notes 


Max 



Write Cycle Time 

tAVAV 

twc 

100 

- 


- 

ns 

- 

Address Setup Time 

tAVEIU tAVE2H 

tAS 

0 

_ 

0 

- 

ns 

2 

Address Valid to End of Write 

tAVEIH' tAVE2L 

tAW 

80 

- 

85 

- 

ns 

2 

Chip Enable to End of Write 

tEILEIH/ tE2HE2L 

tew 

80 

- 

85 

- 

ns 

2,3 

Data Valid to End of Write 

tDVEIH' tDVE2L 

tDW 

40 

- 

50 

. - 

ns 

2 

Data Hold Time 

tEIHDX' tE2LDX 

tDH 

0 

- 

0 

- 

ns 

2,4 

Write Recovery Time 

tEIHAX^ tE2LAX 

tWR 

0 

- 

0 

- 

ns 

2,5 


NOTES: __ _ __ 

1. ^write cycle starts at the latest transition of a low E1, low W or high E2. A write cycle ends at the earliest transition of a high El, high 
W or low E2. 

2. E1_and E2 timings are identical when E2 signals are inverted. 

3. If W goes low coincident with or prior to El low or E2 high then the outputs will remain in a high impedance state. 

4. During this time the output pins may be in the output state. Signals of opposite phase to the outputs must not be applied at this time. 

5. W must be high during all address transitions. 


A (ADDRESS) 


El (CHIP ENABLE) 




E2 (CHIP ENABLE) 


I 



I 
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MCM6064*MCM60L64 


DATA RETENTION CHARACTERISTICS (1^ = 010 +70°C) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Vcc for Data Retention (ET>Vcc- 0-2 V or E2 ^0.2 V) 

VdR 

2.0 

- 

5.5 

V 

Data Retention Current (El > Vcc “0-2 or E2<0.2 V) 

ICCDR 




mA 

MCM6064: Vcc = 3.0V 


— 

— 

50 


Vcc = 5.5 V 


- 

- 

100 


MCM60L64; Vcc = 3.0 V 


— 

— 

15 


Vcc = 5.5 V 


- 

- 

30 


Chip Disable to Data Retention Time 

tCDR 

0 

- 

- 

ns 

Operation Recovery Time 

Vec 

tAVAV* 

- 

- 

ns 


*tAVAV = Cycle Time 


VCC 


E2 CONTROL 


ZZZS^ 


4.5 V' 

-tCDR- 




' DATA RETENTION MODE - 
Vor2:2.0 V 


Jf 


E1>Vor-0.2V 


JV7777 


ORDERING INFORMATION 
(Order by Full Part Number) 


Motorola Memory Prefix 


MCM 


6064 or 60L64 


X 


XX 


I 


Speed (10 = 100 ns, 12=120 ns) 


Part Number 

(With L= Low Power Version) 


Package (P = Plastic) 


Full Part Numbers— MCM6064P10 
MCM6064P12 


MCM60L64P10 

MCM60L64P12 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Advance Information 

32Kx8 Bit CMOS Static Random 
Access Memory 

The MCM60256A is a 262,144 bit low-power static random access memory organized as 
32,768 words of 8 bits, fabricated using silicon-gate CMOS technology. Static design 
eliminates the need for external clocks or timing strobes, while CMOS circuitry reduces 
power consumption and provides greater reliability. The operating current is 5 mA/MHz 
(typ) and the minimum cycle time is 85 ns. 

Chip enable (E) controls the power-down feature. It is not a clock but rather a chip 
control that affects power consumption. When E is a logic high, the part is placed in low 
power standby mode. The maximum standby current for MCM60L256A is 2 nA 
(Ta= 25°C). Chip enabl^also controls the data retention mode. Another control 
feature, output enable (G) allows access to the memory contents as fast as 45 ns 
(MCM60256A-85). Thus the MCM60256A is suitable for use in various microprocessor 
application systems where high speed, low power, and battery backup are required. 

The MCM60256A is offered in a 600 mil, 28 pin plastic dual-in-line package as well as 
the 330 mil, 28 pin plastic small outline gullwing package. 

• Single 5 V Supply, ± 10% 

• 32K X 8 Organization 

• Fully Static — No Clock or Timing Strobes Necessary 

• Low Power Dissipation— 27.5 mW/MHz (Typical Active) 

• Output Enable and Chip Enable Inputs for More System Design Flexibility and Low 

Power Standby Mode 

• Battery Backup Capability (MCM60L256A) 

• Data Retention Supply Voltage =2.0 V to 5.5 V 

• All Inputs and Outputs Are TTL Compatible 

• Three State Outputs 

• Fast Access Times: MCM60256A-85 and MCM60L256A-85=^ ns (Max) 

MCM60256A-10 and MCM60L256A-10=100 ns (Max) 
MCM60256A-12 and MCM60L256A-12 = 120 ns (Max) 



MCM60256A 

MCM60L256A 



CASE 710 


F PACKAGE 
SOG 

CASE 751 H 


PIN ASSIGNMENT 


A14[ 

1 • 

28 

Ivcc 

A12E 

2 

27 

]W 

A7E 

3 

26 

]A13 

A6E 

4 

25 

]A8 

asE 

5 

24 

]A9 

A4E 

6 

23 

]A11 

A3E 

7 

22 

IG 

A2E 

8 

21 

]A10 

AiE 

9 

20 

lE 

aoE 

10 

19 

]DQ7 

dqoE 

11 

18 

]0Q6 

oqiE 

12 

17 

]0Q5 

DQ2E 

13 

16 

]DQ4 

vssE 

14 

15 

]DQ3 



PIN NAMES 


^-A14 Address 

W Write Enable 

£ Chip Enable 

G Output Enable 

DQ0-DQ7 Data Input/Output 

Vcc + 5 V Power Supply 

Vss Ground 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 


MOTOROLA MEMORY DATA 


3-14 





MCM60256A* MCM60L256A 


TRUTH TABLE 


I 

G 

W 

Mode 

Supply Current 

I/O Pin 

H 

X 

X 

Not Selected 

■SB 

HighZ 

L 

H 

H 

Output Disabled 

•cc 

High Z 

L 

L 

H 

Read 

icc 

o 

c 

L 

X 

L 

Write 

•cc 

Din 


X = don't care 

ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.3 to 7.0 

V 

Voltage to Any Pin with Respect to Vss 

Vin* Vout 

-0.5 to Vcc + O-^ 

V 

Power Dissipation (Ta = 25°C) 

Pd 

1.0 

w 

Operating Temperature 

Ta 

Oto -1-70 

°c 

Storage Temperature 

Istg 

-55 to -1-150 

‘’C 


NOTE; Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

- 

Vcc + 0.3 

V 

Input Low Voltage 

V|L 

-0.3* 

- 

0.8 

V 


*V|L (min)= -0.3 V dc; V|i_ (min)= -3.0 V ac (pulse width <50 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Input Leakage Current (All Inputs, Vin = 0 to Vqc) 

•ika(l) 

- 

<0.01 

±1.0 

HA 

Output Leakage Current (E = V|h or G = V|h or W = V|l, Vout = 0 to Vcc) 

'lka(O) 

- 

<0.01 

±1.0 

HA 

Operating Current (Read Cycle) 

•CCAI 




mA 

(E = V|l, W = V|h, Other Input = V|h/V|l, lout = 0 mA) 






MCM60256A, MCM60L256A: tAVAV=1 MS 


— 

10 

— 


MCM60256A, MCM60L256A-85: tAVAV = 85 ns 


— 

— 

70 


MCM60256A, MCM60L256A-10: tAVAV=100 ns 


- 

- 

70 


MCM60256A, MCM60L256A-12: tAVAV=120 ns 


- 

- 

70 


(1 = 0.2 V, W = Vcc - 0.2 V, Other Input = Vcc " 0 2 V/0.2 V, 

•CCA2 





lout = 0 mA) MCM60256A, MCM60L256A: tAVAV = 1 


— 

5 

— 


MCM60256A, MCM60L256A-85: tAVAV = 85 <^8 


— 

— 

60 


MCM60256A, MCM60L256A-10; tAVAV =100 ns 


- 

- 

60 


MCM60256A, MCM60L256A-12: tAVAV = 120 "s 


~ 

- 

60 


Standby Current (E = V|h) 

•SBI 

- 

- 

3.0 

mA 

Standby Current (E> Vcc -0.2 V. Vcc = 2.0 1° 5.5 V) MCM60256A 

•SB2 

- 

2 

100 

mA 

MCM60L256A 


— 

— 

30 


MCM60L256A (Ta = 25°C) 


- 

- 

2 


Output Low Voltage (ioL = ^'0 f^tA) 

VOL 


- 

0.4 

V 

Output High Voltage (l0H= ~ 1-0 mA) 

VOH 

2.4 

- 

- 

V 


Typical values are referenced to Ta = 25°C and Vcc = 5.0 V 


CAPACITANCE (f=1 MHz, Ta = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic | 

Symbol 

Min 

Max 

Unit 

Input Capacitance (Vjn = 0 V) 

All Inputs Except DQ 

Cin 

- 

10 

PF 

I/O Capacitance (V|/o = 0 V) 

DO 

C|/0 

- 

10 

PF 
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MCM60256A«MCM60L256A 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ±10%, Ta = 0 to 70°C, Unless Othenrt/ise Noted) 


Input Pulse Levels 0.6 V, 2.4 V 

Input Rise/Fall Time . 5 ns 

Input Timing Measurement Reference Levels 1.5 V 


Output Timing Measurement Reference Levels 0.8 and 2.2 V 

Output Load See Figure 1 


READ CYCLE (See Note 1) 



Parameter 

Symbol 

Alt 

Symbol 

Read Cycle Time 

tAVAV 

tRC 

Address Access Time 

tAVQV 

tAA 



1 G Access Time | 

tGLQV 




Chip Enable to Output Low-Z 

tELQX 

■99 

Output Enable to Output Low-Z 

tGLQX 

tOLZ 

Chip Enable to Output High-Z 

tEHQZ 

tCHZ 

Output Enable to Output High-Z 

tGHQZ 



MCM60256A-85 MCMG0256A-10 MCM6Q256A-12 



1 . W IS high at all times for read cycles. 

2. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from the 
previous steady state voltage. 

3. These parameters are periodically sampled and not 100% tested. 



I (OUTPUT ENABLE) 


> T 1N914B 

'00 pf-r. 52.4 k i OREDUIV. 


* Includes jig capacitance. — 

Figure 1. AC Test Load 
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MCM6Q256A«MCM60L256A 


WRITE CYCLE 1 AND 2 (See Note 1) 


Parameter 

Symbol 

Alt 

MCM60256A-86 

MCM60L256A-85 



Unit 

Notes 



Max 

Min 

Max 



Write Cycle Time 

tAVAV 


85 

- 

100 

- 


- 

IIIQIIH 

- 

Address Setup Time 

iavwl/iavel 


0 

- 


- 

0 

- 


- 

Address Valid to End of Write 



80 

- 

95 

- 


- 


- 

Write Pulse Width 

tWLWH 

twp 

60 

- 

70 

- 

80 

- 


2 

Data Valid to End of Write 



40 

- 

40 

- 

50 

- 

HQJH 

- 

Data Hold Time 

tWHDX/tEHDX 

tDH 

0 

- 

0 

- 

0 

- 


- 

Write Low to Output in High-Z 

tWLQZ 


0 

30 

0 

50 

0 


{[jQIII 

mi 

Write High to Output Low-Z 


tWLZ 

10 

- 

10 

- 


- 

noil 

m' 

Write Recovery Time 



5 

- 

5 

- 

5 

- 

ns 

5 

Chip Enable to End of Write 

tELWH/lELEH 

lew 

65 

- 

90 

- 

100 

- 

ns 

- 


NOTES: 

1 . Outputs are in high impedance state if ^ is high during Write Cycle. 

2. A write occurs during the overlap (tyvp) of a low E and a low W. If W goes low prior to 1 low then outputs will remain in a high impedance 
state. 

3. All high-Z and low-Z parameters are considered in a high or low impedance state when the outputs have made a 100 mV transition from 
the previous steady state voltage. 

4. These parameters are periodically sampled and not 100% tested. 

5. tyyp is measured from the earlier of E or W going high to the end of write cycle. 
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ISBI. STANDBY CURRENT (NORMALIZED) V,h. INPUT HIGH VOLTAGE (NORMALIZED) 


MCM60256A*MCM60L256A 



Vcc, SUPPLY VOLTAGE (VOLTS) 

Figure 1. Input High Voltage versus Supply Voltage 



4 4.5 5 5.5 6 6.5 7 7.5 


Vcc, SUPPLY VOLTAGE (VOLTS) 

Figure 2. Input Low Voltage versus Supply Voltage 



Ta, ambient TEMPERATURE (°C) 

Figure 3. Operating Current versus Ambient 
Temperature 



-60 -40 -20 0 20 40 60 80 100 120 

Ta, ambient temperature (°C) 



Figure 4. IsBI Standby Current versus Ambient 
Temperature 


Figure 5. lsB2 Standby Current versus Ambient 
Temperature 
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(NORMALIZED) 


MCM60256A*MCM60L256A 


f, FREQUeNCY IMHzl 

Figure 6. Operating Current versus Frequency (Read) 


f, FREQUENCY (MHz) 

Figure 7. Operating Current versus Frequency (Write) 











Ta = 

25°C 























































Vcc. SUPPLY VOLTAGE (VOLTS) 

Figure 8. lsB2 Standby Current versus Supply Voltage 



Vcc. SUPPLY VOLTAGE (VOLTS) 

Figure 9. Access Time versus Supply Voltage 


Ta, ambient TEMPERATURE {°Z) 

Figure 10. Access Time versus Ambient Temperature 
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MCM60256A* MCM60L256A 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 60256A or 60L256A X XX 


Motorola Memory Prefix 

Part Number 

(With L = Low Power Version) 


Speed (85 = 85 ns, 10=1(X) ns, 
12 = 120 ns) 

Package (P = Plastic DIP, 

F = SOG) 


Full Part Numbers- MCM60256AP85 MCM60L256AP85 
MCM60256AP10 MCM60L256AP10 
MCM60256AP12 MCM60L256AP12 
MCM60256AF85 MCM60L256AF85 

MCM60256AF10 MCM60L256AF10 

MCM60256AF12 MCM60L256AF12 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MCM60256APC 


Advance Information 

32Kx8 Bit CMOS Static Random 
Access Memory 

Industrial Temperature Range: - 40 to 85**C 

The MCM60256APC is a 262,144 bit low-power static random access memory organized 
as 32,768 words of 8 bits, fabricated using silicon-gate CMOS technology. Static design 
eliminates the need for external clocks or timing strobes, while CMOS circuitry reduces 
power consumption and provides greater reliability. The operating current is 5 mA/MHz 
(typ) and the c^le time is 100 ns. 

Chip enable (E) controls the power-down feature. It is not a clock but rather a chip 
control that affects power consumption. When E is a logic high, the part is placed in low 
power standby mode. The maximum standby current is 2 ^iA (Ta= 25°C). Chipjenable 
also controls the data retention mode. Another control feature, output enable (G) allows 
access to the memory contents as fast as 50 ns. Thus the MCM60256APC is suitable for 
use in various microprocessor application systems where high speed, low power, and 
battery backup are required. 

The MCM60256APC is offered in a 600 mil, 28 pin plastic dual-in-line package. 

• Single 5 V Supply, ± 10% 

• 32K X 8 Organization 

• Fully Static — No Clock or Timing Strobes Necessary 

• Low Power Dissipation— 27.5 mW/MHz (Typical Active) 

• Output Enable and Chip Enable Inputs for More System Design Flexibility and Low 

Power Standby Mode 

• Battery Backup Capability (Maximum Standby Current =2 /tA @ 25°C) 

• Data Retention Supply Voltage =2.0 V to 5.5 V 

• All Inputs and Outputs Are TTL Compatible 

• Three State Outputs 

• Fast Access Time: MCM60256APC10 = 100 ns (Max) 

BLOCK DIAGRAM 




1 CASE 710 


PIN ASSIGNMENT 


A14[ 

1 • 

28 

ivcc 

A12[ 

2 

27 

iw 

A7[ 

3 

26 

]A13 

A6[ 

4 

25 

]A8 

A5E 

5 

24 

]A9 

A4[ 

6 

23 

]A11 

A3[ 

7 

22 

]G 

A2l 

8 

21 

]A10 

Al[ 

9 

20 

lE 

A0[ 

10 

19 

]DQ7 

DQ0[ 

11 

18 

]DQ6 

DQ1[ 

12 

17 

]DQ5 

DQ2[ 

13 

16 

]DQ4 

VssC 

14 

15 

]DQ3 


PIN NAMES 


^A14 Address 

W Write Enable 

E Chip Enable 

Output Enable 

DQ0-DQ7 Data Input/Output 

Vcc +5V Power Supply 

Vss Ground 


This document contains information on a new product. Specifications and information herein are subject to charfge without notice. 
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MCM60256APC 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.3 to 7.0 

V 

Voltage to Any Pin with Respect to Vss 

Vin. Vout 

-0.5 to Vcc + 0.5 

V 

Power Dissipation (Ta = 25°C) 

Pd 

1.0 

w 

Operating Temperature 

Ta 

-40 to 85 

°c 

Storage Temperature 

I§!a 

-55 to -1-150 

°c 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


TRUTH TABLE 


I 


W 

Mode 

Supply Current 

I/O Pin 

H 

X 

X 

Not Selected 

'SB 

High Z 

L 

H 

H 

Output Disabled 

'cc 

High Z 

L 

L 

H 

Read 

'cc 

Dout 

L 

X 

L 

Write 

'cc 

Din 


X = don't care 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc=5.0 V ± 10%, Ta= -40 to 85oC, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 


Typ 

Max 


Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

_ 

Vcc + 0.3 

V 

Input Low Voltage 

V|L 

-0.3* 

- 

0.8 

V 


*V|L (min)= -0.3 V dc; V|l (mln)= -3,0 V ac (pulse width :s50 ns) 

DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Typ 

Max 


Input Leakage Current (All Inputs, Vip = 0 to Vcc) 

'ika(l) 

- 

<0.01 

±1.0 


Output Leakage Current (E=V|h or G=V|h or W=V|l, Vput^O to Vcc) 

'lka(O) 

- 



mA 

Operating Current (Read Cycle) 

'CCA1 





(E = V|l, W = V|h, Other lnput=V|H/V|L, lout = 0 mA) tAVQV = ‘' MS 






tAVQV = ‘'00 ns 


III9B 




(1=0.2 V, W = Vcc -0.2 V. Other Input =Vcc- 0.2 V/0.2 V, 

lout = 0 mA) tAVQV = 1 MS 

'CCA2 


B 



f AVQV = 100 ns 


- 




Standby Current (E=V|h) 

'SBI 

- 


3.0 


Standby Current (1> Vcc -0.2 V, Vcc =2.0 5.5 V) 

'SB2 

- 




(Ta=25°C) 


- 




Output Low Voltage (Iol = 4.0 mA) 

VOL 

- 

- 

0.4 

V 

Output High Voltage (loH= “1-0 nriA) 


2.4 

- 

- 

V 


Typical values are referenced to Ta = 25°C and Vcc = 5.0 V 


CAPACITANCE (f=1 MHz, Ta= 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic | 

Symbol 

Min 

Max 

Unit 

Input Capacitance (V'm = 0 V) 

Ail inputs Except DO 

Din 

- 

10 

PF 

I/O Capacitance (V|/o=0 V) 

DO 

C|/0 

- 

10 

PF 
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MCM60256APC 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc=5.0 V ± 10%, Ta= -40 to 85oC, Unless Otherwise Noted) 

Input Pulse Levels 0.6 V, 2.4 V Output Timing Measurement Reference Levels . . . . .0.8 and 2.2 V 

Input Rise/Fall Time 5 ns Output Load See Figure 1 

input Timing Measurement Reference Levels 1.5 V 


READ CYCLE (See Note 1) 


Parameter 

Symbol 



Max 

Unit 

Notes 

Read Cycle Time 

tAVAV 

tRC 

100 

- 

ns 

- 

Address Access Time 

tAVQV 

tAA 

- 

100 


- 

E Access Time 

tELQV 

tAC 

- . 

100 


- 

Za Access Time 

tQLQV 

tOE 

_ 

50 

■S 

- 

Output Hold from Address Change 

tAXQX 



- 

iiQm 

- 



tCLZ 

10 

- 

ns 

2,3 

Output Enable to Output Low-Z 

fGLQX 

tOLZ 

5 

- 

■■ 

■Ui 

Chip Enable to Output High-Z 

tEHQZ 

tCHZ 

0 

50 


■SJi 

Output Enable to Output High-Z 

tQHQZ 

tOHZ 

0 

40 

IIIIQIIH 

WEEM 


NOTES: 

1. W is high at all times for read cycles. 

2. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 100 mV transition from the 
previous steady state voltage. 

3. These parameters are periodically sampled and not 100% tested. 



5.0 V 



Rl = 930 

1N914B 
OR EQUIV. 


Figure 1. AC Test Load 
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MCM60256APC 


WRITE CYCLE 1 AND 2 (See Note 1) 


Parameter 







Write Cycle Time 

tAVAV 

twc 

100 

- 

ns 

- 

Address Setup Time 

tAVWL/tAVEL 

tAS 

0 

- 

HSU 

- 

Address Valid to End of Write 



95 

- 

BSII 

- 

Write Pulse Width 

tWLWH 

twp 

70 

- 

111101 

2 

Data Valid to End of Write 

tDVWH/'DVEH 


40 

- 

IQili 

- 

Data Hold Time 

tWHDX/tEHDX 

tDH 

0 

- 

ns 

- 


tWLQZ 


0 

50 

IHOI 

KSli 

Write High to Output Low-Z 

tWHQX 



- 

IIQIIIi 

KH: 

Write Recovery Time 


tWR 

5 

- 

HESili 

5 

Chip Enable to End of Write 

tELWH/tELEH 

tew 

90 

- 

ns 

- 


NOTES: 

1 . Outputs are in high impedance state if Tj is high during Write Cycle. 

2. A write occurs during the overlap (t\/yp) of a low 1 and a low W. If W goes low prior to E low then outputs will remain in a high impedance 
state. 

3. Ail high-Z and low-Z parameters are considered in a high or low impedance state when the outputs have made a 100 mV transition from 
the previous steady state voltage. 

4. These parameters are periodically sampled and not 100% tested. 

5. twR is measured from the earlier of E or W going high to the end of write cycle. 
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MCM60256APC 


WRITE CYCLE 2 (E Controlled) 



DATA RETENTION CHARACTERISTICS (Ta= -40 to 85°C) 


Parameter 

Symbol 


Typ 



Vcc for Data Retention (EstVcc-0-2 V) 

VdR 

2.0 

- 

5.5 

HEH 

Data Retention Current (EstVcc-O-Z V) 

Vcc=3.0V 

ICCDR 

- 

- 

50 

HEH 


Vcc = 5.5 V 


- 

- 

100 

■■ 

Chip Disable to Data Retention Time 

tCDR 

0 

- 

- 

IIIIIIIIIQIIIIIIIII 

Operation Recovery Time 

free 

tAVAV* 

- 

- 

ns 


*tAVAV = Read Cycle Time 


DATA RETENTION MODE 


Vcc 


zzzz;^ 


4.5 V 

-tCDR- 


K. 


DATA RETENTION MODE - 
Vdr^2.0V 


I 


4.5 V 


V 


E^Vdr-0.2 V 




NOTE: If the V|n of E is 2.4 V in operation, Isbi current flows during the period that the Vcc voltage is decreasing from 4.5 V to 2.4 V. 


ORDERING INFORMATION 
(Order by Full Part Number) 


Motorola Memory Prefix - 
Part Number 


MCM 60256A X X XX 

I. 


' Speed (10 = 100 ns) 

- Operating Temperature Range 

(C = Industrial Range, -40 to 85®C) 


- Package (P = Plastic) 


Full Part Number- MCM60256APC10 
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CMOS Fast Static RAMs 


MCM1423 4Kx4, 40 ns. Equivalent to IMS1423 4-3 

MCM6164, 8Kx8, 45/55 ns, El, E2, and G Inputs 4-8 

l\/ICM61L64 8K X 8, 45/55 ns. Lower Power 4-8 

MCM6164C 8K x 8, 55/70 ns, -40 to 85°C 4-16 

MCM6168 4Kx4, 45/55/70 ns 4-24 

MCM6205-20 32Kx9, 20/25 ns. Output Enable 4-29 

MCM6206 32Kx8, 35/45 ns. Output Enable 4-30 

MCM6206-20 32K x 8, 20/25 ns. Output Enable 4-35 

MCM6207 256Kx 1, 20/25 ns. Separate Input and Output Pins 4-36 

MCM6208 64Kx4, 20/25 ns 4-41 

MCM6209 64Kx4, 20/25 ns. Output Enable 4-41 

MCM6226-30 128Kx 8, 30 ns. Output Enable 4-46 

MCM6228-25 256K x 4, 25 ns. Output Enable 4-47 

MCM6264 8K x 8, 30/35/45/55 ns. Output Enable 4-48 

MCM6264-25 8K x 8, 25 ns. Output Enable 4-53 

MCM6268 4Kx 4, 25/35/45/55 ns 4-58 

MCM6268-20 4Kx4, 20 ns 4-63 

MCM6269 4Kx4, 25/35 ns. Fast Chip Select 4-58 

MCM6270 4Kx4, 20/25/35 ns. Output Enable 4-68 

MCM6287 64Kx 1, 25/35 ns. Separate Input and Output Pins 4-73 

MCM6287-15 64Kx 1, 15 ns. Separate Input and Output Pins 4-81 

MCM6287-20 64Kx 1, 20 ns. Separate Input and Output Pins 4-81 

MCM6288 16Kx4, 25/30/35/45 ns 4-86 

MCM6288-15 16Kx4, 15 ns 4-91 

MCM6288-20 16Kx4, 20 ns 4-96 

MCM6290 16Kx4, 25/30/35/45 ns. Output Enable 4-86 

MCM6290-15 16Kx4, 15 ns. Output Enable 4-91 

MCM6290-20 16Kx4, 20 ns. Output Enable 4-96 
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CMOS Static RAMs 

{ + 5 V, 0 to 70® C unless otherwise noted) 



Organization Part Number 


MCM1423P46 

IMS1423P-45. 


MCM6168P46 % 

MCM6168P5f^-> 
MCM6168P70 ^ 


MCM6268P20 

MCM6268P25 

MCM6268P35 

MCM6268P46 

MCM6268P55 


MCM6269P25 

MCM6269P35 


MCM6270P20 

MCM6270P25 

MCM6270P35 

MCM6270J20 

MCM6270J25 

MCM6270J35 


8Kx8 MCM6164C46 
MCM6164C55 
MCM61L64C46 
MCM61L64C55 


MCM6264P25* 

MCM6264P30 

MCM6264P35 

MCM6264P46 

MCM6264P55 

MCM6264J25* 

MCM6264J30 

MCM6264J35 

MCM6264J46 

MCM6264J55 

MCM6288P15« 

MCM6288P20* 

MCM6288P25 

MCM6288P30 

MCIVI6288P35 

MCM6288P46 


MCM6290P25 

MCM6290P30 

MCM6290P35 

MCM6290P45 


MCMe290J25 

MCM6290J30 

MCM6290J35 

MCM6290J45 


Access Time 
(ns max) 


40 




45 

28 


55 

28 


45 

28 


55 

28 

(2) 

55 

28 

12) 

70 

28 


25 

28 


30 

28 


35 

28 


45 

28 


55 

28 


25 

28 


30 

28 


35 

28 


35 

28 


55 

28 


15 

22 


20 

22 


25 

22 


30 

22 


35 

22 


45 

22 

(3) 

15 

24 

(3) 

20 

24 

(3) 

25 

24 

(3) 

30 

24 

(3) 

35 

24 

(3) 

45 

24 

(3) 

15 

24 

(3) 

20 

24 

(3) 

25 

24 

(3) 

30 

24 

(3) 

35 

24 

(3) 

45 

24 


Organization Part Number 


MCM6287P15 

MCM6287P20 

MCM6287P25 

MCM6287P35 

MCM6287J15 

MCM6287J20 

MCM6287J25 

MCM6287J35 




32Kx8 

MCM6206P20* 

20 

28 


MCM6206P25* 

25 

28 


MCM6206P35* 

35 

28 


MCM6206P45* 

45 

28 


MCMe206J20* 

20 

28 


MCM6206J25* 

25 

28 


MCM6206J35^ 

35 

28 


MCM620eJ45* 

45 

28 



MCM6226P30* 

MCM6226J30* 


MCM6228P25* 

25 

28 

MCM6228J25* 

25 

28 


*To be introduced 

(1) Fast chip select version 

(2) Industrial temperature range, -40 to 85°C 

(3) Output enable version 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


4K X 4 Bit Static Random Access 
Memory 

The MCM1423 is a 16,384-bit static random access memory organized as 4096 
words of 4 bits, fabricated using Motorola's second-generation high-performance sil- 
icon-gate CMOS (HCMOS III) technology. Static design eliminates the need for ex- 
ternal clocks or timing strobes, while CMOS circuitry reduces power consumption, 
provides greater reliability, and provides protection against soft errors caused by al- 
pha particles. Fast access time makes this device suitable for cache and other sub- 
50 ns applications, especially those requiring just a little faster address access time 
(40 ns). _ 

The chip enable (E) pin is not a clock. In less than a cyclfe time after Ejgoes high, 
the part enters a low-power standby mode, remaining in that state until E goes low 
again. This feature reduces system power requirements without degrading access . 
performance. I 

The MCM1423 is available in a 300 mil, 20 pin plastic dual in-line packagj wi^^^ ^ 
JEDEC standard pinout. 

• Single 5 V Supply, ± 10% 

• 4K X 4 Bit Organization 

• Fully Static— No Clock or Timing Strobes Neces^p^ 

• Protects Against Soft Errors Caused by Alpl 

• Fast Access Time (Maximum) 

Address Chip 
40 ns 

Low Power Operation: 

lax 

2m Max 


MCM1423* 





(LSB) 

A5 • 

AO ■ 
A1 ■ 
A2 • 
A3 • 
A6 - 


PIN ASSIGNMENT 

A4l 

1 • 

20 

]vcc 

A5[ 

2 

19 

]A3 

A6l 

3 

18 

]A2 

A7l 

4 

17 

lAl 

A8[ 

5 

16 

]A0 

A9[ 

6 

15 

]dqo 


7 

14 

]DQ1 

All [ 

8 

13 

)DQ2 

E[ 

9 

12 

]DQ3 

Vss[ 

10 

11 

3w 




1 








MEMORY MATRIX 


ROW 

DECODER 


128 ROWSx 





128 COLUMNS 










* vcc 
■ vss 


PIN NAMES 1 

A0-A11. . 


W 


E 


DQ0-DQ3 

Data Input/Output 

Vcc ■ • • 


Vss • • • 

Ground 



^This device may also be ordered as 
IMS1423P-46. 


TRUTH TABLE 


I 

W 

Mode 

Supply Current 

I/O Pin 

H 

X 

Not Selected 

'SB 

High-Z 

L 

H 

Read 

*CC 

Dout 

L 

L 

Write 

•cc 

Din 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM1423 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Value 

Unit 

Power Supply Voltage (Vcc) 

-0.5 to -f-7.0 

V 

Voltage Relative to Vss for Any Pin Except V^q 

-0.5 to Vcc +0-5 

V 

Output Current (per I/O) 

±20 

mA 

Power Dissipation 

1.0 

W 

Operating Temperature 

0 to ±70 

°C 

Storage Temperature 

-55 to ±125 


Temperature Under Bias 

-10 to ±85 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vce = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage (See note below) 

V|H 

2.0 

- 

Vcc + 0.3 V 

V 

Input Low Voltage (See note below) 

V|L 

-0.3* 

~ 

0.8 

V 


*V|L (min)= -0.3 V dc; V|l (min)= -3.0 V ac (pulse width <20 ns) 

NOTE: Address rise and fall times while the chip is selected are 50 ns maximum. 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Input Leakage Current (All Inputs, Vjp = 0 to 5.5 V) 

>IL 

- 

- 

1.0 

/iA 

Output Leakage Current (E = V||-| or W = V||_; Vout = 0 to Vcc)** 

•OL 

- 

- 

2.0 


Power Supply Current (E = V|l; Vin = ViL or V|h, lout = 0 mA)** 

>CC 

- 

- 

80 

mA 

Standby Current (E = V|h) 

>SB1 

- 

- 

20 

mA 

Standby Current (E> Vcc -0.2 V) (0.2 V> Vjn>Vcc -0.2 V) 

>SB2 

- 

- 

2 

mA 

Output Low Voltage (Iol = 8 0 mA) 

VOL 

- 


0.4 

V 

Output High Voltage (Iqh = -4 0 mA) 

VOH 

2.4 

- 

- 

V 


**lnput levels less than -0.3 V or greater than Vcc + 0-3 V will cause I/O and power supply currents to exceed maximum rating. 


CAPACITANCE (f=1.0 MHz, Ta = 25°C, periodically sampled rather than 100% tested) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

Input Capacitance 

All Inputs Except E 

C|n 

- 

3 

5 

PF 


E 


- 

5 

7 


I/O Capacitance | 

C|/0 

- 

5 

7 

PF 
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MCM1423 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Mesurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1A 

Input Rise/ Fall Time 5 ns 


READ CYCLE 1 (E = V|l) 


Parameter 

Symbol 

MCM1423P45 

Unit 

Standard 

Alternate 

Min 

Max 

Read Cycle Time 

tAVAV 

tRC 

40 

- 

ns 

Address Access Time 

tAVQV 

^AA 

- 

40 

ns 

Output Hold from Address Change 

tAXQX 

tOH 

5 

- 

ns 



^ tftVAV ► 


ADDRESS ^ 

( J 

( 


^ tAXQX ► 




Q 

PREVIOUS DATA VALID ^ 

(mxx) 

^ DATA VALID 


^ tAVQ\ 

f H 




READ CYCLE 2 (E is Clocked) 


Parameter 

Symbol 

MCM1423P45 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Read Cycle Time 

tAVAV 

tRC 

40 

- 

ns 


Address Access Time 

tAVQV 

tAA 

- 

40 

ns 


E Access Time 

tELQV 

tACS 

- 

45 

ns 


E Low to Output Active 

tELOX 

tLZ 

5 

- 

ns 

1 

E High to Output High-Z 

tEHQZ 

tHZ 

0 

20 

ns 

1 

Output Hold from Address Change 

tAXQX 

tOH 

3 

- 

ns 


Power Up Time 

tELICCH 

tpu 

0 

- 

ns 


Power Down Time 

tEHICCL 

tPD 

- 

45 

ns 



NOTE: 


1 . Measured with ac load of Figure IB. Parameter is sampled and not 100% tested. Transition measured ± 500 mV from steady-state voltage. 
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MCM1423 


WRITE CYCLE 1 (W Controlled) (See Note 1) 


Parameter 

Symbol 

MCM1423P45 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Write Cycle Time 

tAVAV 

twc 

40 

- 

ns 


Address Setup Time 

tAVWL 

tAS 

0 

- 

ns 


Address Valid to End of Write 

tAVWH 

fAW 

35 

- 

ns 


Write Pulse Width 

tWLWH 

twp 

35 

- 

ns 


Data Valid to End of Write 

tDVWH 

tDW 

15 

- 

ns 


Data Hold Time 

fWHDX 

tDH 

5 

- 

ns 


Write Low to Output High-Z 

tWLQZ 

twz 

0 

20 

ns 

2, 3 

Write High to Output Active 

tWHQX 

tow 

6 

- 

ns 

2, 3 

Write Recovery Time 

tWHAX 

tWR 

5 

- 

ns 


E Low to End of Write 

tELWH 

tew 

35 

- 

ns 



NOTES: _ 

1. A Write occurs during the overlap of a low W and a low E. 

2. Measured with the ac load of Figure IB. Parameter is sampled and not ^ 00 % tested. Transition measured ±500 mV from steady-state 
voltage. 

3. When the outputs are active, data of opposite logic level to an output must not be applied. 
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MCM1423 


WRITE CYCLE 2 (E Controlled) (See Note 1) 


Parameter 

Symbol 

MCM1423P45 

Unit 

Standard 

Alternate 

Min 

Max 

Write Cycle Time 

tAVAV 

twc 

40 

- 

ns 

Address Setup Time 

tAVEL 

tAS 

0 

- 

ns 

Address Valid to End of Write 

tAVEH 

fAW 

35 

- 

ns 

Write Pulse Width 

tELEH 

tEW 

35 

- 

ns 

Data Valid to End of Write 

tDVEH 

tDW 

15 

- 

ns 

Data Hold Time 

tEHDX 

tDH 

5 

- 

ns 

Write Recovery Time 

tEHAX 

tWR 

5 

- 

ns 

Write Low to End of Write 

tWLEH 

twp 

35 

- 

ns 


NOTE: _ _ _ _ 

1. If E goes low coincident with or after W low, and E goes high before or coincident with W high, the I/O will remain in a high impedance 
condition. 




TIMING PARAMETER ABBREVIATIONS 


t X X X X 


signal name from which interval is defined 
transition direction for first signal 
signal name to which interval is defined 
transition direction for second signal 



The transition definitions used in this data sheet are: 
H = transition to high 
L = transition to low 
V = transition to valid 
X = transition to invalid or don't care 
Z = transition to off (high impedance) 


TIMING LIMITS 

The table of timing values shows either a minimum or a 
maximum limit for each parameter. Input requirements are 
specified from the external system point of view. Thus, address 
setup time is shown as a minimum since the system must 
supply at least that much time (even though most devices do 
not require it). On the other hand, responses from the memory 
are specified from the device point of view. Thus, the access 
time is shown as a maximum since the device never provides 
data later than that time. 


Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 1423 X XX 

T T T I 


Speed (45 = 45 ns) 
Package (P = Plastic DIP) 


Full Part Number— MCM1423P45 
NOTE: This device may also be ordered as IMS1423P-45. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


8K X 8 Bit Fast Static Random 
Access Memory 

The MCM6164/MCM61L64 is a 65,536 bit static random access memory organized as 
8192 words of 8 bits, fabricated using Motorola's second-generation high-performance sili- 
con-gate CMOS (HCMOS III) technology. Static design eliminates the need for external 
clocks or timing strobes, while CMOS circuitry reduces power consumption and provides 
greater reliability. 

The chip enable pins (El and E2) are not clocks. Either pin, when asserted false, causes 
the part to enter a low power standby mode. The part will remain in standby mode until 
both pins are asserted true again. The availability of active high and active low chip enable 
pins provides more system design flexibility than single chip enable devices. 

The MCM6164/MCM61L64 is available in a 600 mil, 28 pin ceramic dual-in-line package, 
with JEDEC standard pinout. 

• Single 5 V Supply, ± 10% 

• 8K X 8 Organization 

• Fully Static — No Clock or Timing Strobes Necessary 

• Fast Access Time — 45, 55 ns (Maximum) 

• Low Power Dissipation — 495, 440 mW (Maximum, Active) 

• Low Power/Data Retention Version (MCM61L64) 

• Fully TTL Compatible 

• Three State Data Outputs 

• Also Available in Industrial Temperature Range ( -40 to 85°C) as MCM6164C 


BLOCK DIAGRAM 



Vcc 

Vss 


MCM6164 

MCM61L64 



PIN ASSIGNMENT 


NC[ 

1 • 

28 

3 Vcc 

AIZC 

2 

27 

Iw 

A7[ 

3 

26 

1E2 

A6[ 

4 

25 

]A8 

A5[ 

5 

24 

]A9 

A4[ 

6 

23 

]A11 

A3[ 

7 

22 

IG 

A2[ 

8' 

21 

]aio 

A1[ 

9 

20 

3eT 

aoE 

10 

19 

]DQ7 

DQ0[ 

11 

18 

]0Q6 

DQ1[ 

12 

17 

]DQ5 

DQ2^ 

13 

16 

]DQ4 

vssE 

14 

15 

]DQ3 


PIN NAMES 


M-A12 Address 

W Write Enable 

IT, E2 Chip Enable 

G Output Enable 

DQ()-DQ7 Data Input/Output 

Vcc +5 V Power Supply 

Vss Ground 

NC No Connection 
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MCM6164*MCM61L64 


TRUTH TABLE 


IT 

E2 

G 

W 

Mode 

Supply Current 

I/O Pin 

H 

X 

X 

X 

Not Selected 

'SB 

HighZ 

X 

L 

X 

X 

Not Selected 

'SB 

HighZ 

L 

H 

H 

H 

Output Disabled 

'cc 

HighZ 

L 

H 

L 

H 

Read 

'cc 

Dout 

L 

H 

X 

L 

Write 

'cc 

Din 


X = don't care 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to -f7.0 

V 

Voltage Relative to Vss Any 

Pin Except Vqc 

Vin' Vout 

-0.5 to Vcc + 0-5 

V 

Output Current (per I/O) 

'out 

±20 

mA 

Power Dissipation (Ta = 25°C) 

Pd 

1.0 

W 

Temperature Under Bias 

Tbias 

— 10 to -F 85 

°c 

Operating Temperature 

Ta 

Oto +70 

°c 

Storage Temperature 

. Tstg 

-65 to +150 

°c 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(VcC = 5.0 V ±10%, Ta= 0 to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 


Typ 

Max 


Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 


Input High Voltage 

V|H 

2.2 

- 


nil 


V|L 

-0.3* 

- 

0.8 

Di 


*V|L (min)= -0.3 V dc, V||_ (min)= -3.0 V (pulse width <20 ns) 


DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Typ 

Max 


Input Leakage Current (All Inputs, Vjn=0 to Vcc' 

llkQ(l) 

- 

<0.01 

±1.0 

■El 

Output Leakage Current (ET=V|h, E2 = V|l, or 5 =V|h, Vout=0 1° ^cc' 

'lka(O) 

- 

<0.01 

±1.0 

WFM 

Power Supply Current fAVAV=^ 

'CC 

- 

50 

90 


(El =V|L, E2 = V|h, lout=0' tAVAV = 55 ns 


— 

40 

80 


Standby Current (ET=V|h or E2 =V|l) 


- 

1.3 

3.0 



'SB2 

- 

- 

1.0 


MCM61L64 


- 

5 

50 


Output Low Voltage (Iql'^S-O otA) 


- 

0.15 

0.4 

■■ 

Output High Voltage (Iqh = “4.0 mA) 


2.4 

3.0 

- 

V 


Typical values are referenced to Ta= 25°C and V 


CAPACITANCE (f= 1.0 MHz, Ta= 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic | 

Symbol 

Max 


Input Capacitance 


Ail Inputs Except DQ 

Cin 

6 

■a' 

Input/ Output Capacitance 


DQ 

C|/0 

8 

PF 
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MCM6164*MCM61L64 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5 V ± 10%, Ta= 0 to +70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level 1 .5 V Output Timing Measurement Reference Level ... 0.8 V and 2.0 V 

Input Pulse Levels 0 to 3.0 V Output Load Figure 1 

Input Rise/ Fall Time 5 ns 


READ CYCLE (See Note 1) 


Characteristic 


Q 





Min 

Max 



Read Cycle Time 


■SH 

45 


55 

- 

|[||Q|||||| 

- 

Address Cycle Time 

«AVQV 

tAA 

- 


- 


IIQH 

- 

El Access Time 

tEILQV 

tACI 

- 

um 

- 

55 

BSl 

- 

E2 Access Time 

tE2HQV 

tAC2 

- 


- 

55 

IIIQIIIIfl 

- 

G Access Time 

tGLQV 

tOE 

- 


- 

25 

IIIIQyil 

- 

Output Hold from Address Change 

tAXQX 

tOH 

5 

- 

5 

- 

IfQIIIIII 

- 

Chip Enable to Output Low-Z 

tEILQX^ tE2HQX 

tCLZ 

5 

- 

5 

- 

B9I 

2,3 

Output Enable to Output Low-Z 

tGLQX 

tOLZ 


- 

0 

- 

B9i 

2,3 

Chip Enable to Output High-Z 

tEIHQZ^ tE2LQZ 

tCHZ 

0 

20 

0 


|||imil|[ 

2, 3 

Output Enable to Output High-Z 

tGHOZ 

tOHZ 

im^ni 

20 

0 

20 

ns 

2, 3 


NOTE^: 

1 . W is high at ail times for read cycles. 

2. All high-Z and low-Z parameters are considered in a high or tow impedance state when the output has made a 500 mV transition from the 
previous steady state voltage. 

3. Periodically sampled rather than 100% tested. 


A (ADDRESS) 


El, E2 (CHIP ENABLE) 


G (OUTPUT ENABLE) 


Q (DATA OUT) 



TIMING LIMITS 

The table of timing values shows either a minimum or a 
maximum limit for each parameter. Input requirements are 
specified from the external system point of view. Thus, address 
setup time is shown as a minimum since the system must 
supply at least that much time (eyen though most devices do 
not require it). On the other hand, responses from the memory 
are specified from the device point of view. Thus, the access 
time is shown as a maximum since the device never provides 
data later than that time. 


+ 5V 



MOTOROLA MEMORY DATA 


4-10 









































MCM6164«MCM61L64 


WRITE CYCLE 1 (W CONTROLLED) (See Note 1) 


Characteristic 

Symbol 





Notes 





Write Cycle Time 

tAVAV 


45 


55 

- 

id 

- 

Address Setup Time 

tAVWL 

tAS 

0 

- 

0 

- 

ilBSli 

- 

Address Valid to End of Write 

fAVWH 


40 

- 

50 

- 

IIQI 

- 

Write Pulse Width 

tWLWH 


mm 

- 

30 

- 


2 

Data Valid to End of Write 

tDVWH 


IHSi 

- 

25 

- 

BSil 

- 

Data Hold Time 

tWHDX 

tDH 

0 

_ 

0 

- 

HS9i 

3 

Write Low to Output in High-Z 

tWLOZ 

tWHZ 

0 

20 

0 

20 


4, 5 

Write High to Output Low-Z 

tWHOX 


5 

- 

5 

- 

mQii 

4, 5 

Write Recovery Time 

tWHAX 

tWR 

0 

- 

0 

- 

IQIIII 

- 


NOTES: _ _ _ _ 

1 . A write cycle starts at the latest transition of a low E1 , low W or high E2. A write cycle ends at the earliest transition of a high E1 , high W 
or low E2. 

2. If W goes low coincident with or prior to eT low or E2 high then the outputs will remain in a high impedance state. 

3. During this time the output pins may be in the output state. Signals of opposite phase to the outputs must not be applied at this time. 

4. Ail high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from the 
previous steady state voltage. 

5. Periodically sampled rather than 100% tested. 




TYPICAL 

CHARACTERISTICS 



ADDRESS INPUT LEVELS (V) 

Figure 2. Access Time Versus Address Input Levels 
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MCM6164*MCM61L64 


WRITE CYCLE 2 (ENABLE CONTROLLED) (See Notes 1 and 2) 


Characteristic 

Symbol 

Alt 

Symbol 

MCM6164-45 

MCM61L64-45 

MCM6164-55 

MCM61L64-55 

Unit 

Notes 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

twc 

45 


55 

- 

ns 

- 

Address Setup Time 

tAVEIL 

tAS 

0 

- 

0 

- 

ns 

- 

Address Valid to End of Write 

tAVEIH 

tAW 

40 

- 

50 

- 

ns 

- 

Chip Enable to End of Write 

tEILEIH 

tew 

40 

- 

50 

- 

ns 

3 

Data Valid to End of Write 

tDVEIH 

tow 

20 

- 

25 

- 

mol 

- 

Data Hold Time 

tEIHDX 

tDH 

0 

- 

0 

- 

IS9i 

4 

Write Recovery Time 

tEIHAX 


0 

- 

0 

- 

ns 

- 


NOTES: _ _ _ _ 

1 . A write cycle starts at the latest transition of a low El , low W or high E2. A write cycle ends at the earliest transition of a high El , high W 
or low E2. 

2. E1_and E2 timings are identical when E2 signals are inverted. 

3. If W goes low coincident with or prior to El low or E2 high then the outputs will remain in a high impedance state. 

4. During this time the output pins may be in the output state. Signals of opposite phase to the outputs must not be applied at this time. 



tAVAV ► 


A (ADDRESS) ^ 

I ) 

i 

K 


_ ......... ^ 



^ WEI II ► 

E (CHIP ENABLE) 

V j 

( 


Weil tfiLEin ^ 


tEIHAX 

“®™"'X<XXXXXXXXXXX>00(XXXXX 

3 , 

(XXXXXK 

tgVEIH — ► 

Q (DATA OUT) 


— tEIHDX 


LOW Vcc DATA RETENTION CHARACTERISTICS (TA=0to +70°C) (MCM61L64 Only) 


Characteristic 



Typ 



Vcc tor Data Retention 

(E1>Vcc-0.2Vor E2<0.2 V, Vin>Vcc-0.2 V or Vin<0.2 V) 




m 


Data Retention Current 

(Vcc = 3.0 V. El >2.8 V or E2<0.2 V, Vjn 2:2.8 V or Vin<0.2 V) 


- 


ngmn 


Chip Disable to Data Retention Time (see waveform below) 


0 

_ 

- 

—i 

Operation Recovery Time (see waveform below) 

HIM 


- 

- 



AVAV = R®3d Cycle Time 
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ICCA CURRENT (NORMALIZED) 


MCM6164«MCM61L64 


TYPICAL CHARACTERISTICS 
(Continued) 



0 20 40 60 80 

Ta, ambient TEMPERATURE (°C) 

Figure 3. Standby Current Versus Temperature 



0 20 40 60 80 

Ta, AMBIENT TEMPERATURE (°C) 

Figure 5. Standby Current Versus Temperature 



4.0 4.5 5.0 5.5 6.0 

Vcc, SUPPLY VOLTAGE (V) 

Figure 4. Standby Current Versus Supply Voltage 



4.0 4.5 5.0 5.5 6.0 


Vcc, SUPPLY VOLTAGE (V) 

Figure 6. Standby Current Versus Supply Voltage 



0 20 40 60 80 

Ta, ambient temperature (°C) 

Figure 7. Supply Current Versus Temperature 



4.0 4.5 5.0 5.5 6.0 

Vcc, SUPPLY VOLTAGE (V) 

Figure 8. Supply Current Versus Supply Voltage 
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MCM6164«MCM61L64 


ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 6164or61L64 C XX 

Motorola Memory Prefix 

Part Number 

(with L = Low Power Version) 

Full Part Numbers- MCM6164C45 MCM6164C55 MCM61L64C45 MCM61L64C55 


T 


- Speed (45 = 45 ns, 55 = 55 ns) 

—ParlrariA I f' = P.oramir HIP^ 
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MOTOROLA 

SEMICONDUCTOR ■hhhhhhi 

TECHNICAL DATA 

Advance Information 

8K X 8 Bit Fast Static Random 
Access Memory 

Industrial Temperature Range: - 40 to 85°C 

The MCM6164C is a 65,536 bit static random access memory organized as 8192 words 
of 8 bits, fabricated using Motorola's second-generation high-performance silicon-gate 
CMOS (HCMOS III) technology. Static design eliminates the need for external clocks or 
timing strobes, while CMOS circuitry reduces power consumption and provides greater 
reliability. With its operating temperature range of -40°C to +85°C and hermetic pack- 
age, the MCM6164C is i^ally suited for harsh industrial type environments. 

The chip enable pins (El and E2) are not clocks. Either pin, when asserted false, causes 
the part to enter a low power standby mode. The part will remain in standby mode until 
both pins are asserted true again. The availability of active high and active low chip enable 
pins provides more system design flexibility than single chip enable devices. 

The MCM6164C is available in a 600 mil, 28 pin ceramic dual-in-line package with the 
JEDEC standard pinout. 

• Single 5 V Supply, ± 10% 

• 8K X 8 Organization 

• Fully Static— No Clock or Timing Strobes Necessary 

• Fast Access Time 55 or 70 ns (Maximum) 

• Low Power Dissipation— 440 or 385 mW (Maximum, Active) 

• Fully TTL Compatible 

• Three State Data Outputs 

• Also Available in Commercial Temperature Range (0 to 70°C) as MCM6164/MCM61L64 


BLOCK DIAGRAM 



MCM6164C 



C PACKAGE 
CERAMIC 
CASE 733 


PIN ASSIGNMENT 


NC[ 

1 • 

28 

Ivcc 

A12[ 

2 

27 

]w 

A7E 

3 

26 

lE2 

A6[ 

4 

25 

1A8 

asE 

5 

24 

1A9 

A4E 

6 

23 

]A11 

A3[ 

7 

22 

IG 

A2E 

8 

21 

]A10 

All 

9 

20 

]eT 

AOE 

10 

19 

]DQ7 

oqoE 

11 

18 

]DQ6 

DQ1[ 

12 

17 

]DQ5 

DQ2E 

13 

16 

]DQ4 

vssE 

14 

15 

]DQ3 


PIN NAMES 


/^-A12 Address 

W Write Enable 

El, E2 Chip Enable 

G Output Enable 

DQ0-DQ7 Data input/Output 

Vcc + 5 V Power Supply 

Vss Ground 

NC No Connection 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM6164C 


TRUTH TABLE 


IT 

E2 

G 

w 

Mode 

Supply Current 

I/O Pin 

H 

X 

X 

X 

Not Selected 

>SB 

HighZ 

X 

L 

X 

X 

Not Selected 

<SB 

High Z 

L 

H 

H 

H 

Output Disabled 

icc 

HighZ 

L 

H 

L 

H 

Read 

'cc 

Dout 

L 

H 

X 

L 

Write 

'cc 

Din 


X = don't care 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


NOTE: F*ermanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Voltage Relative to Vss Any 

Pin Except V^C 

'^^in' ^out 

— 0.5 to Vcc + 0-5 

V 

Output Current (per I/O) 

•out 

±20 

mA 

Power Dissipation {Ta = 25°C) 

pd 

1.0 

W 

Temperature Under Bias 

^bias 

-10 to +85 

°C 

Operating Temperature 

Ta 

-40 to +85 

°C 

Storage Temperature 

^stg 

— 65 to + 1 50 

°C 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, TA=-40to 85°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

- 

Vcc + 0.3 

V 

Input Low Voltage 

V|L 

-0.3* 

- 

0.8 

V 


*V|L (min)= -0.3 V dc, V|l (min)= -3.0 V (pulse width <20 ns) 

DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Typ 

Max 


Input Leakage Current (All Inputs, Vjn=0 to Vcc) 

>lkg(l) 

- 

<0.01 




•ikglO) 

- 

<0.01 

±2.0 


Power Supply Current f AVAV = 55 ns 

(ET = V,l, E2 = V,h, lout=0) tAVAV=70 ns 

•cc 

_ 

40 

35 

80 

70 


Standby Current (El =V|h or E2 =Vil) 

•SBI 

- 

1.3 

3.0 


Standby Current (IT ^Vcc-0.2 V or E2s0.2 V) 

iSB2 

- 

0.005 

1.0 


Output Low Voltage (loL=5-0 mA) 

VOL 

- 

0.15 

0.4 


Output High Voltage (Iqh^ ~4.0 mA) 

VOH 

2.4 

3.0 

- 



Typical values are referenced to Ta= 25°C and Vcc = 5.0 V 


CAPACITANCE (f=1.0 MHz, Ta= 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic | 

Symbol 

Max 

Unit 

Input Capacitance 


All Inputs Except DO 

Din 

6 

pF 

Input/Output Capacitance 


DO 

C|/0 

8 

PF 
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MCM6164C 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5 V ±10%,TA=-40to +85°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V 

Input Rise/ Fall Time 5 ns 

Output Timing Measurement Reference Level ... 0.8 V and 2.0 V 
Output Load Figure 1 


+ 5 V 



Figure 1. Test Load 


READ CYCLE (See Note 1) 


Parameter 

Symbol 

Alt 

Symbol 

MCM6164CC55 

MCM6164CC70 

Notes 

Min 

Max 

Min 

Max 

Read Cycle Time 

tAVAV 

tRC 

55 

- 

70 

- 

- 

Address Cycle Time 

tAVQV 

tAA 

- 

55 

- 

70 

- 

ET Access Time 

tEILQV 

^ACI 

- 

55 

- 

70 

- 

E2 Access Time 

tE2HQV 

tAC2 

_ 

55 

- 

70 

- 

G Access Time 

tGLQV 

tOE 

- 

25 

, - 

30 

- 

Output Hold from Address Change 

^AXQX 

tOH 

5 

- 

5 

- 

- 

Chip Enable to Output Low-Z 


tCLZ 

5 

- 

5 

- 

■Ql 

Output Enable to Output Low-Z 

tGLQX 

tOLZ 

0 

- 

0 

- 

MWM 

Chip Enable to Output High-Z 

tEIHOZ' tE2LQZ 

tCHZ 

0 


0 


EQIi 

Output Enable to Output High-Z 

tGHQZ 

tOHZ 

0 

20 

0 

20 

2, 3 


NOTE^: 

1 . W is high at all times for read cycles. 

2. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from the 
previous steady state voltage. 

3. Periodically sampled rather than 100% tested. 
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MCM6164C 


WRITE CYCLE 1 (W CONTROLLED) (See Note 1) 


Parameter 

Symbol 

Alt 

Symbol 

MCM6164CCS6 

MCM6164CC70 

Notes 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 


55 

- 

70 

- 

- 

Address Setup Time 

tAVWL 

tAS 

0 

- 

0 

- 

- 

Address Valid to End of Write 

tAVWH 

tAW 

50 

- 

60 

- 

- 

Write Pulse Width 

tWLWH 

tWP 

30 

_ 

40 

_ 

2 

Data Valid to End of Write 

tDVWH 

tDW 

25 

- 

30 

- 

- 

Data Hold Time 


H!SH 

0 

- 

0 

- 

3 

Write Low to Output in High-Z 

tWLQZ 

tWHZ 

0 

20 

0 

20 

■Oil 

Write High to Output Low-Z 

tWHQX 


5 

- 

5 

- 

4, 5 

Write Recovery Time 

tWHAX 

tWR 

0 

- 

0 

- 

- 


NOTES: _ _ _ _ 

1. A write cycle starts at the latest transition of a low El, low W or high E2. A write cycle ends at the earliest transition of a high El, high W 
or low E2. 

2. If W goes low coincident with or prior to El low or E2 high then the outputs will remain in a high impedance state. 

3. During this time the output pins may be in the output state. Signals of opposite phase to the outputs must not be applied at this time. 

4. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from the 
previous steady state voltage. 

5. Periodically sampled rather than 100% tested. 




TIMING PARAMETER ABBREVIATIONS 

t X X X X 

signal name from which interval is defined ^ 1 

transition direction for first signal ' 

signal name to which interval is defined 

transition direction for second signal 

The transition definitions used in this data sheet are: 

H = transition to high 
L = transition to low 
V = transition to valid 
X = transition to invalid or don't care 
Z = transition to off (high impedance) 


TIMING LIMITS 

The table of timing values shows either a minimum or a 
maximum limit for each parameter. Input requirements are 
specified from the external system point of view. Thus, address 
setup time is shown as a minimum since the system must 
supply at least that much time (even though most devices do 
not require it). On the other hand, responses from the memory 
are specified from the device point of view. Thus, the access 
time is shown as a maximum since the device never provides 
data later than that time. 
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MCM6164C 


WRITE CYCLE 2 (ENABLE CONTROLLED) (See Notes 1 and 2) 


Parameter 

Symbol 

Alt 

Symbol 

MCM6164CC56 

MCM6164CC70 

Notes 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

fwc 

55 

- 

70 

- 

- 

Address Setup Time 

tAVEIL 


0 

- 


- 

- 

Address Valid to End of Write 

tAVEIH 


50 

- 


- 



fEILEIH 


50 

- 

60 

- 

3 

Data Valid to End of Write 

fDVEIH 


25 

- 

1^311 

- 

- 

Data Hold Time 

fEIHDX 


0 

- 

HHQIIIIII 

- 

4 

Write Recovery Time 

tEIHAX 


0 

- 

0 

- 



NOTES: _ _ _ _ 

1. A write cycle starts at the latest transition of a low E1, low W or high E2. A write cycle ends at the earliest transition of a high E1, high W 
or low E2. 

2. El and E2 timings are identical when E2 signals are inverted. 

3. If W goes low coincident with or prior to IT low or E2 high then the outputs will remain in a high impedance state. 

4. During this time the output pins may be in the output state. Signals of opposite phase to the outputs must not be applied at this time. 



tAVAV ► 


A (ADDRESS) ^ 

^ I ) 

i 





WEIH ► 

E (CHIP ENABLE) 

1' ^ 



^ UVEIL ► 


^EIHAX 

•“‘■•}(xxxxxxxxxxxxxxxxxxx)r^ 

1 

(XXXXXX 

tgVEIH ► 

R 

— tEIHDX 
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ISB2, STANDBY CURRENT (^ l ^] ISBI, STANDBY CURRENT (mA) 


MCM6164C 


TYPICAL CHARACTERISTICS 



Ta, ambient temperature PC) 



4.0 4.5 5.0 5.5 6.0 

VCC- SUPPLY VOLTAGE (VOLTS) 


Figure 2. Standby Current Versus Temperature 


Figure 3. Standby Current Versus Supply Voltage 




-40 -20 0 20 40 60 80 100 

Ta, ambient temperature (°C) 



4.0 4.5 5.0 5.5 6.0 

Vcc, SUPPLY VOLTAGE (VOLTS) 


Figure 4. Standby Current Versus Temperature 


Figure 5. Standby Current Versus Supply Voltage 



0 20 40 60 

Ta, ambient temperature (°C) 


Figure 6. Supply Current Versus Temperature 
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tGlQV. access time (NORMALIZED) tAVAV- tEUQV. tE2HQV. ACCESS TIME (NORMALIZED) ‘CCA. SUPPLY CURRENT (NORMALIZED) 


MCM6164C 


TYPICAL CHARACTERISTICS 
(Continued) 



1/tAVAV. FREQUENCY (MHz) 

Figure 8. Supply Current Versus Frequency 



40 55 70 85 100 . 

tAVAV. CYCLE TIME (ns) 

Figure 9. Supply Current Versus Cycle Time 



-40 -20 0 20 40 60 80 100 

Ta, AMBIENT TEMPERATURE (“C) 

Figure 10. Access Time Versus Temperature 



Vcc. SUPPLY VOLTAGE (VOLTS) 


Figure 11. Access Time Versus Supply Voltage 



-40 -20 .0 20 40 60 80 100 

Ta, ambient temperature (°C) 

Figure 12. Access Time Versus Temperature 



4.0 4.5 5.0 5.5 6.0 

Vcc. SUPPLY VOLTAGE (VOLTS) 

Figure 13. Access Time Versus Supply Voltage 
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MCM6164C 


ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 6164 C C 56 

Speed Indicator 
Package 

Operating Temperature Range 
Part Number 
Motorola Memory Prefix 
Full Part Number- MCM6164CC55 or MCM6164CC70 
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MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 


4K X 4 Bit Static Random Access 
Memory 

The MCM6168 is a 16,384-bit static random access memory organized as 4096 words of 
4 bits, fabricated using Motorola's second-generation high-performance silicon-gate 
CMOS (HCMOS III) technology. Static design eliminates the need for external clocks or 
timing strobes, while CMOS circuitry reduces power consumption and provides greater 
reliability. Fast access time makes this device suitable for cache and other high speed 
applications. 

The chip enable ( 1 ) pin is not a clock. In less than a cycle time after 1 goes high, the 
part enters a low-power standby mode, remaining in that state until E goes low again. 
This feature provides reduced system power requirements without degrading access time 
performance. 

The MCM6168 is available in a 300 mil, 20 lead plastic dual-in-line package > 
standard JEDEC pinout. 

• Single 5 V Supply, ± 10% 

• 4K X 4 Bit Organization 

• Fully Static— No Clock or Timing Strobes Necessary 

• Three State Output 

• Fast Access Time (Maximum): 

Address 

MCM6168-45 45 n$. 

MCM6168-55 50 ns 

MCM6168-70 60 ns 

• Low Power Operation: 80 mA Max (Active^|); 


Fully TTL Compatible 


lip En'l 
''%45 ns 

-20 mA Max (Stah^y-^^L Levels^^' 
■2 mA Max {'Srfdby^ CMOS ' 



BLOCK DIAGRAM 



MCM6168 



PIN ASSIGNMENT 


A4[ 

1 • 

20 

IVcc 

asE 

2 

19 

]A3 

A6[ 

3 

18 

1A2 

A7E 

4 

17 

]A1 

A8E 

5 

16 

]ao 

A9[ 

6 

15 

]dqo 

aide 

7 

14 

]dqi 

All E 

8 

13 

]DQ2 

eE 

9 

12 

]DQ3 

Vsst 

10 

11 

Iw 


PIN NAMES 


^-A11 Address Input 

W Write Enable 

E Chip Enable 

DQ0-DQ3 Data Input/Output 

Vcc ■ +5 V Power Supply 

Vss Ground 
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MCM6168 


TRUTH TABLE 


E 

W 

Mode 

Vcc Current 

I/O Pin 

H 

X 

Not Selected 

ISB1, ISB2 

High-Z 

L 

H 

Read 

•cc 

Cout 

L 

L I 

Write 

•cc 

Din 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Voltage Relative to Vss Any 

Pin Except Vcc 

Vin^ Vout 

-0.5 to Vcc + 0-5 

V 

Output Current (per I/O) 

'out 

±20 

mA 

Power Dissipation (Ta = 25°C) 

Pd 

1.0 

W 

Temperature Under Bias 

Tbias 

-10 to +85 

°C 

Operating Temperature 

Ta 

0 to +70 

‘’C 

Storage Temperature 

Tstg 

-55 to +125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 


Input High Voltage 

V|H 

2.0 

- 

Vcc + 0.3 

V 

1 

Input Low Voltage 

V|L 

-0.3 

- 

0.8 

V 

1, 2 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Notes 

Input Leakage Current (All Inputs, Vjn = 0 to Vcc) 

llkfldi 

- 

±1.0 

/*A 


Output Leakage Current (E = V|h or W = V||_, Vout = 0 to Vcc) 

l|ka(0) 

- 

±2.0 

mA 

3 

Power Supply Current (E = V|l, lout = 0 mA) 

'cc 

- 

80 

mA 

3 

TTL Standby Current (E = V|h) 

'SBI 

- 

20 

mA 


CMOS Standby Current (E> Vcc -0.2 V, Vjn<0.2 V or > Vcc -0.2 V) 

'SB2 

- 

2 

mA 


Output Low Voltage {Iol = 8-0 mA) 

Vql 

- 

0.4 

V 


Output High Voltage (loH= -4.0 mA) 

Vqh 

2.4 

- 

V 



CAPACITANCE (f=1.0 MHz, Ta = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Input Capacitance 

All Inputs Except E 

Din 

3 

5 

pF 


E 


5 

7 


I/O Capacitance 

C|/0 

5 

-> 

PF 


NOTES: 

1. Address rise and fall times while the chip is selected are 50 ns maximum. 

2. V|L(min)= -0.3 V dc; V|i_{min)= -3.0 V ac (pulse width <20 ns). 

3. Input levels less than -0.3 V or greater than Vcc + 0-3 ^ will cause I/O and power supply currents to exceed maximum rating. 
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MCM6168 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5 V ±10%, Ta = 0 to ±70°C, Unless OthenA/ise Noted) 


Input Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V 

Input Rise/ Fall Time 5 ns 


Output Timing Measurement Reference Level 0.8 and 2.0 V 

Output Load Figure 1A Unless OthenArise Noted 


READ CYCLE (See Note 1) 


Parameter 

Symbol 

MCM6168-46 

MCM6168-56 

MCM6168-70 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

tAVAV 

tRC 

45 

. - 

55 

- 

70 

- 

ns 




tAA 

- 


- 

50 

- 

60 

HQQI 


E Access Time 



- 


- 


- 

mm 

IIQIIII 




tLZ 

mm 

- 

■■ 

- 

10 


HQ^II 




tHZ 


mm 

0 

— 

0 


BSII 

■Jll 



tOH 

5 

- 

5 

- 

5 

- 

ns 


Power Up Time 

tELICCH 

tpu 

0 

- 

0 

- 

0 

- 

ns 


Power Down Time 

tEHICCL 

tpD 

- 

45 

- 

55 

- 

70 

ns 



NOTE^: 

1 . W is high for read cycle. 

2. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. 

3. This parameter is sampled and not 100% tested. 

4. Device is continuously selected (E = V||_). 

5. Addresses valid prior to or coincident with 1 going low. 


READ CYCLE 1 (See Note 4 Above) 



^ tAVAV ► 


A (ADDRESS) ^ 

C ) 

( 


tAXQX ^ 



Q (DATA OUT) 

h 

PREVIOUS DATA VALID 


L 

DATA VALID 
r 


^ tAVI 

3V 



READ CYCLE 2 (See Note 5 Above) 
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MCM6168 


WRITE CYCLE 1 (W Controlled; See Note 1) 


Parameter 

Symbol 

MCM6168-45 

MCM6168-56 

MCM6168-70 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

fwc 

40 

- 

50 

- 

60 

- 

ns 


Address Setup Time 

tAVWL 

tAS 

0 

- 

0 

- 

0 

- 



Address Valid to End of Write 

tAVWH 

tAW 


- 


- 

55 

- 

IIQIIIIII 


Write Pulse Width 

tWLWH 

twp 


- 


- 

1^1 

- 



Data Valid to End of Write 

tDVWH 

tDW 

mm 

- 


- 


- 

[IQIIII 


Data Hold Time 

tWHDX 

tDH 

3 

- 

3 

- 

3 

- 

11^211 


Write Low to Output High-Z 

tWLQZ 

twz 

- 

— 

- 


- 


ns 

2, 3 

Write High to Output Active 

tWHQX 

tow 

5 

- 

5 

- 

5 

- 


U9! 

Write Recovery Time 


tWR 

5 

- 

5 

- 

5 

- 

ns 



NOTES: _ _ 

1. A write occurs during the overlap of E low and W low. 

2. Transition is measured ±500 mV from steady-state voltage with load In Figure IB. 

3. Parameter is sampled and not 100% tested. 



A (ADDRESS) ^ 

tAVAV » 

( ^ 

( 


^ . tAVWH ► 

^ ^ 

“ twHAX 

E (CHIP ENABLE) 

^ 




tWLWH ► 


W (WRITE ENABLE) 

— tAVWL ► 

's 7 

H tDVWH ► 


• tWHDX 

•“"■XXXXXXX) 

0(XX)( 


xxxxxx 

tWLQZ - 

HIGH-Z 

HIISHZ 


jWV\_ 


^ , 

^tAAA; 

4-tWHQX 


AC TEST LOADS 


TIMING LIMITS 




The table of timing values shows either 
a minimum or a maximum limit for each 
parameter, input requirements are specified 
from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the device point of view. 
Thus, the access time is shown as a 
maximum since the device never provides 
data later than that time. 


Figure 1A 


Figure IB 
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MCM6168 


WRITE CYCLE 2 (E Controlled; See Note 1) 


Parameter 

Symbol 

MCM6168-45 

MCM6168-55 

MCM6168-70 



Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

twc 

40 

- 

50 

- 

60 

- 

IQIIIII 


Address Setup Time 

fAVEL 

tAS 

0 

- 

0 

- 

0 

- 

IS9I 


Address Valid to End of Write 

tAVEH 



- 

■B 

- 


- 

1191 


Write Pulse Width 




- 

■B 

- 


- 

IE91 

Bm 

Data Valid to End of Write 

tDVEH 

tDW 

■B 

- 


- 

wm 

- 

IQIII 


Data Hold Time 

fEHDX 

tDH 

wm 

- 

3 

- 

3 

- 

IQIi 


Write Recovery Time 

tEHAX 

fWR 

5 

- 

5 

- 

5 

- 

ns 



NOTES: _ _ 

1. A write occurs during the overlap of E low and W low. 

2. If E goes low coincident with or after Wjoes low, the output will remain in a high impedance condition. 

3. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition. 



HIGH-Z 

Q (DATA OUT) - - 


ORDERING INFORMATION 
(Order by Full Part Number) 


Motorola Memory Prefix 
Part Number 


MCM 6168 X XX 

X T T I 


Full Part Numbers-MCM6168P45 
MCM6168P55 
MCM6168P70 


Speed (45 = 45 ns, 55 = 55 ns, 
70 = 70 ns) 

Package {P = Plastic DIP) 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Product Preview 

32K X 9 Bit Fast Static Random 
Access Memory 

The MCM6205-20 is a 294,912 bit static random access memory organized as 32,768 
words of 9 bits, fabricated using Motorola's high-performance silicon-gate CMOS technol- 
ogy. Static design eliminates the need for external clocks or timing strobes, while CMOS 
circuitry reduces power wnsumption and provides for greater reliability. 

The chip enable pins (El and E2) are not clocks. Either pin, when asserted false, causes 
the part to enter a low power standby mode. This feature provides significant system-level 
power savings. The part will remain in standby mode until both pins are asserted true 
again. Another control feature, output enable (G), allows access to the memory contents 
as fast as 10 ns (MCM6205-20). 

The MCM6205-20 is packaged In a 300 mil, 32 pin plastic dual-in-line package or a 32 
lead 300 mil plastic SOJ package with the JEDEC standard pinout. 

• Single 5 V Supply, ± 10% 

• Fast Access Time— 20/25 ns (Maximum) 

• Low Power Dissipation 

• Chip Controls: Chip Enable (E1^E2) for Reduced-Power Standby Mode 

Output Enable (G) for Fast Access to Data 

• Three State Outputs 

• Fully TTL Compatible 

• High Board Density SOJ Package Available 


BLOCK DIAGRAM 



MCM6205-20 



P PACKAGE 
300 MIL PLASTIC 
CASE TBD 



CASE TBD 


PIN ASSIGNMENT 


NC[ 

1 • 

32 

]vcc 

NC[ 

2 

31 

]A14 

A8[ 

3 

30 

]E2 

A7[ 

4 

29 

]W 

A6[ 

5 

28 

]A13 

A5[ 

6 

27 

]A9 

A4[ 

7 

26 

]A10 

A3[ 

8 

25 

]A11 

A2[ 

9 

24 

]G 

A1[ 

10 

23 

]A12 

A0[ 

11 

22 


OQO[ 

12 

21 

]DQ8 

DQ1[ 

13 

20 

]DQ7 

DQ2[ 

14 

19 

]DQ6 

DQ3[ 

15 

18 

]DQ5 

vss[ 

16 

17 

]DQ4 


PIN NAMES 


A Address 

W Write Enable 

El, E2 Chip Enable 

G Output Enable 

DQ0-DQ8 . . Data Input/Output 
Vcc . . . . + 5 V Power Supply 

Vss Ground 

NC No Connection 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MOTOROLA 

m SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 

32Kx8 Bit Fast Static Random 
Access Memory 

The MCM6206 is a 262,144 bit static random access memory organized as 32,768 words 
of 8 bits, fabricated using Motorola's high-performance silicon-gate CMOS technology. 
Static design eliminates the need for external clocks or timing strobes, while CMOS circui- 
try reduces po>A^r consumption and provides for greater reliability. 

Chip enable (E) controls the power-down feature. It is not a clock but rather a chip 
control that affects power consumption. In less than a cycle time after E goes high, the 
part automatically reduces its power requirements and remains in this low-power standby 
mode as long as E remains high. This feature provides significant system-level power 
savings. Another control feature, output enable (G) allows access to the memory contents 
as fast as 15 ns (MCM6206-35). 

The MCM6206 is packaged in a 600 mil, 28 pin plastic dual-in-line package or a 28 lead 
400 mil plastic SOJ package with the JEDEC standard pinout. 

• Single 5 V Supply, ± 10% 

• Fully Static— No Clock or Timing Strobes Necessary 

• Fast Access Time— 35 or 45 ns (Maximum) 

• Low Power Dissipation 

• Two Chip Controls; E for Automatic Power Down 
G for Fast Access to Data 

• Three State Outputs 

• Fully TTL Compatible 



BLOCK DIAGRAM 



MCM6206 



PIN ASSIGNMENT 


auE 

1 • 

Z8 

Ivcc 

aizE 

z 

Z7 

Iw 

A7E 

3 

Z6 

]A13 

A6E 

4 

Z5 

]A8 

asE 

5 

Z4 

]A9 

A4E 

6 

Z3 

]aii 

A3[ 

7 

ZZ 

]G 

AZE 

8 

Z1 

]aio 

aiE 

9 

ZO 

]E 

aoE 

10 

19 

]DQ7 

dqoE 

11 

18 

]DQ6 

DQ1 E 

1Z 

17 

]DQ5 

dqzE 

13 

16 

]DQ4 

vssE 

14 

15 

]DQ3 


PIN NAMES 


^-A14 Address 

W Write Enable 

IE Chip Enable 

G Output Enable 

DQ0-DQ7 . . Data Input/Output 
Vcc . . • • + 5 V Power Supply 
Vss Ground 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM6206 


TRUTH TABLE 


E 

G 

W 

Mode 

Supply 

Current 

I/O Pin 

H 

X 

X 

Not Selected 

‘SB 

High Z 

L 

H 

H 

Output Disabled 

•cc 

HighZ 

L 

L 

H 

Read 

'cc 

Dout 

L 

X 

L 

Write 

•cc 

Din 


X— Don't Care 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to -1-7.0 

V 

Voltage Relative to Vss for Any 

Pin Except Vqc 

Vin. Vout 

-0.5 to Vcc -1-0.5 

V 

Output Current (per I/O) 

‘out 

±20 

mA 

Power Dissipation (Ta = 25°C) 

f^D 

1.0 

W 

Temperature Under Bias 

Tbias 

-10 to -1-85 

°C 

Operating Temperature 

Ta 

Oto -1-70 

°C 

Storage Temperature— Plastic 

I§tg 

-55 to -1-125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2'2 

- 

Vcc + 0-3 

V 

Input Low Voltage 

V|L 

-0.3* 

- 

0.8 

V 


*V|L (min)= -0.3 V dc; V|l (min)= -3.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vjr^ = 0 to Vcc) 

>lkg(l) 

- 

±1.0 

/tA 

Output Leakage Current (E = V|h, or G = V|h, Vout = 0 to 5.5 V) 

l|kg(0) 

- 

±1.0 

mA 

Power Supply Current (tAVAV = 35 ns) 

(1 = V|L, lout = 0) (fAVAV = 45 ns) 

o o 
o o 

: 

120 

110 

< < 
£ E 

Standby Current (E = V|h) (TTL Levels) 

‘SBI 

- 

20 

mA 

Standby Current (E ^ Vcc -0.2 V) (CMOS Levels) 

‘SB2 

- 

15 


Output Low Voltage (Iol = 8.0 mA) 

VOL 

- 

0.4 

V 

Output High Voltage (Iqh^' -4-0 mA) 

VOH 

2.4 

- 

V 


CAPACITANCE (f=1.0 MHz, Ta = 25°C, periodically sampled and not 100% tested.) 


Characteristic 

Symbol 

Max 

Unit 

Input Capacitance 

Din 

6 

PF 

I/O Capacitance 

C|/0 

8 

PF 
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MCM6206 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5 V ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


Input Pulse Levels 0 to 3.0 V Output Timing Measurement Reference Levels 1.5 V 

Input Rise/Fall Time 5 ns Output Load See Figure 1 

Input Timing Measurement Reference Levels 1.5 V 


READ CYCLE 1 & 2 (See Note 1) 


Parameter 

Symbol 

Alt 

Symbol 

MCM6206-36 

MCM6206-45 

Unit 

Notes 

Min 

Max 

Min 

Max 

Read Cycle Time 



35 

- 

45 

- 


- 

Address Access Time 

tAVQV 

tAA 

- 

35 

- 

45 


- 

E Access Time 

tELQV 


- 


- 

45 

IS9i 

- 

G Access Time 


tOE 


15 

_ 

20 

HQI 

- 

Enable Low to Enable High 

tELEH 



- 

46 

- 


- 

Output Hold from Address Change 

^AXQX 

tOH 

5 

- 

5 

- 

ns 

2 

Chip Enable to Output Low-Z 

tELQX 

tCLZ 

10 

- 

10 

_ 

ns 

2,3 

Output Enable to Output Low-Z 

tGLQX 

tOLZ 

0 

- 

0 

- 

ISI 

2,3 

Chip Enable to Output High-Z 

tEHQZ 

tCHZ 

0 

20 

0 

20 


2, 3 

Output Enable to Output High-Z 

tGH(3Z 


0 

20 

0 

20 


2, 3 


NOTK; 

1 . W is high at all times for read cycles. 

2. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from the 
previous steady state voltage. 

3. These parameters are periodically sampled and not 100% tested. 


READ CYCLE 1 (E = V|l, G = V|l) 



^ tAVAV ► 


A (ADDRESS) ^ 

( : ) 

( 


p tAVQV ► 


[<-lAXQX-^ 


“ XXXXX) 

^ DATA VALID ^ 




READ CYCLE 2 
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MCM6206 


WRITE CYCLE 1 & 2 (See Note 1) 


Parameter 

Symbol 

Ait 

Symbol 

MCM6206-35 

MCM6206-46 

Unit 

Notes 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 


35 

- 

45 

- 

ns 

- 

Address Setup to Write Low 

Address Setup to Enable Low 

tAVWL 

tAVEL 

tAS 

0 

_ 

0 

- 

ns 


Address Valid to Write High 

Address Valid to Enable High 

tAVWH 

tAVEH 

tAW 

25 

- 


- 


- 

Data Valid to Write High 

Data Valid to Enable High 


tDW 

15 

- 

20 

- 


- 

Data Hold From Write High 

Data Hold From Enable High 

tWHDX 

tEHDX 


0 

- 

0 

- 


- 

Write Recovery Time 

Enable Recovery Time 

tWHAX 

tEHAX 



- 

0 

- 


■ 

Chip Enable to End of Write 

Enable Low to Enable High 

tELWH 

tELEH 

n 


- 


■1 

ns 

■ 

Write Pulse Width 

tWLWH 

jj^ES^SII 

25 

- 

30 

- 

[[Qll 

3 

Write Low to Output High-Z 

^LQZ 

tWHZ 

0 

20 

0 

20 

ns 

4, 5 

Write High to Output Low-Z 

tWHQX 

tWLZ 

5 

- 

5 

- 

ns 

4, 5 


NOTES: _ _ 

1 . A write cycle starts at the latest transition of a low E or low W. A write cycle ends at 
the earliest transition of a high 1 or high W. 

2. W must be high during all address transitions. 

3. If U is enabled, allow an additional 15 ns tyvLWH avoid bus contention. 

4. All high-Z and low-Z parameters are considered in a high or low impedance state when 
the output has made a 500 mV transition from the previous steady state voltage. 

5. These parameters are periodically sampled and not 100% tested. 


30 pF 

: (INCLUDING 
SCOPE AND JIG) 


Figure 1. Test Load 


WRITE CYCLE 1 (W Controlled) 


A (ADDRESS) ^ 

tAVAV m 

c • ^ 

>( 


^ tAVWH ► 

tciuiu ^ 


T tWHAX 

E (CHIP ENABLE) 





f 


tyvLWH ► 


W (WRITE ENABLE) 


S 1 

7777777777 . 


tAVWL ► 

tpvwH ► 


■<WHDX 

— <xxxxxxxx 

XXXXa , 


xxxxxxx 

tWLQZ — 

n ,n.T» „MT, !!!«« A7 

U — ► 

'V\A HIGHZ 


l^twHQX 

ww 
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MCM6206 



WRITE CYCLE 2 (E Controlled) 



ORDERING INFORMATION 
(Order by Full Part Number) 


Motorola Memory Prefix ■ 
Part Number 


MCM 6206 X XX XX 

I. 


Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Speed (35 = 35 ns, 45 = 45 ns) 

Package (P = Plastic DIP, J = Plastic SOJ) 


Full Part Numbers-MCM6206P35 MCM6206P46 

MCM6206J35 MCM6206J45 

MCM6206J35R2 MCM6206J45R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Product Preview 

32Kx8 Bit Fast Static Random 
Access Memory 

The MCM6206-20 is a 262,144 bit static random access memory organized as 32,768 
words of 8 bits, fabricated using Motorola's high-performance silicon-gate CMOS technol- 
ogy. Static design eliminates the need for external clocks or timing strobes, while CMOS 
circuitry reduces power consumption and provides for greater reliability. 

Chip enable (E) controls the power-down feature. It is not a clock but rather a chip 
control that affects power consumption. When asserted false, the part reduces its power 
requirements and remains in this standby mode as long as E remains high. Another con- 
trol feature, output enable (G), allows access to the memory contents as fast as 8 ns 
(MCM6206-20). 

The MCM6206-20 is packaged in a 300 mil, 28 pin plastic dual-in-line package or a 
28 lead 300 mil plastic SOJ package with the JEDEC standard pinout. 

• Single 5 V Supply, ± 10% 

• Fast Access Time— 20/25 nsj Maximum) 

• Chip Controls: Chip Enable (E) for Reduced-Power Standby Mode 

Output Enable (G) for Fast Access to Data 

• Three State Outputs 

• Fully TTL Compatible 

• High Board Density SOJ Package Available 


BLOCK DIAGRAM 



MCM6206-20 



P PACKAGE 
300 MIL PLASTIC 
CASE 710A 



PIN ASSIGNMENT 


A14[ 

1 • 

28 

Ivcc 

A12[ 

2 

27 

IW 

A7[ 

3 

26 

]A13 

A6[ 

4 

25 

]A8 

A5[ 

5 

24 

]A9 

A4[ 

6 

23 

]A11 

A3[ 

7 

22 

]G 

A2[ 

8 

21 

]A10 

Al[ 

9 

20 

lE 

AOC 

10 

19 

]D07 

DQ0[ 

11 

18 

]D06 

001 [ 

12 

17 

]D05 

DQ2[ 

13 

16 

]004 

Vss I 

14 

15 

]003 


PIN NAMES 


^A14 Address 

W Write Enable 

1 Chip Enable 

IS . Output Enable 

DQ0-DQ7 . . Data Input/Output 
Vqc . . . . +5 V Power Supply 
Vss Ground 


This document contains information on a product under development. Motorola reserves die right to change or discontinue this product without notice. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MCM6207 


Product Preview 

256Kx1 Bit Static Random 
Access Memory 

The MCM6207 is a 262,144 bit static random access memory organized as 
262,144 words of 1 bit, fabricated using Motorola's high-performance silicon-gate 
CMOS technology. Static design eliminates the need for external clocks or timing 
strobes, while CMOS circuitry reduces power consumption for greater reliability. 

The chip enable (E) pin is not a clock. In less than a cycle time after E goes 
high, the part enters a low-power standby mode, remaining in that state until E 
goes low again. This feature provides reduced system power requirements without 
degrading access time performance. 

The MCM6207 is available in a 300 mil, 24 lead plastic DIP and in a 300 mil, 
surface-mount SOJ package. 

• Single 5 V ± 10% Power Supply 

• Fast Access Time: 20/25 ns 

• Equal Address and Chip Enable Access Time 

• Separate Data Input and Three State Output 

• Fully TTL Compatible 

• Low Power Operation: 140/130 mA Maximum, Active AC 

• High Board Density SOJ Package Available 


BLOCK DIAGRAM 


asBi 

wife 

«ife 

ROW 


MEMORY MATRIX 

A14-p^> 

DECODER 


256 ROWS X 

*'6-{fe: 

(MSB) 



1024 COLUMNS 



COLUMN I/O 


COLUMN DECODER 


H?»" 


A5 A17 A13 AO All AlO A8 A7 A12 A9 (LSB)| 



CASE 810A 


PIN ASSIGNMENT 


aoE 

1 • 

24 

Ivcc 

AlE 

2 

23 

]A17 

A2E 

3 

22 

]A16 

A3E 

4 

21 

]A15 

A4E 

5 

20 

]A14 

asE 

6 

19 

]A13 

A6[ 

7 

18 

]A12 

A7E 

8 

17 

]A11 

abE 

9 

16 

]A10 

QE 

10 

15 

]A9 

wE 

11 

14 

]D 

vssE 

12 

13 

]E 


PIN NAMES 


A0-A17 Address Input 

W Write Enable 

1 Chip Enable 

D Data Input 

Q Data Output 

Vqc -i-5V Power Supply 

Vss Ground 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCM6207 


TRUTH TABLE 


E 

W 

Mode 

Vcc Current 

Output 

Cycle 

H 

X 

Not Selected 

ISB1, ISB2 

High-Z 

— 

L 

H 

Read 

•cCA 

Dout 

Read Cycle 

L 

L 

Write 

'CCA 

High-Z 

Write Cycle 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to -1-7.0 

V 

Voltage Relative to Vss lor Any 

Pin Except Vqc 

Vin» Vout 

-0.5 to Vcc + 0*5 

V 

Output Current 

'out 

±20 

mA 

Power Dissipation 

Pd 

1.0 

W 

Temperature Under Bias (Ta=25°C) 

Tobias 

-10 to +85 

°C 

Operating Temperature 

Ta 

Oto +70 

°C 

Storage Temperature— Plastic 

Istfl 

-55 to +125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 

This CMOS memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the tables, after thermal equilib- 
rium has been established. The circuit is in 
a test socket or mounted on a printed circuit 
board and transverse air flow of at least 500 
linear feet per minute is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc=5.0 V ±10%, Ta= 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.0 

- 


V 

Input Low Voltage 

V|L 

-0.5* 

- 

1 0.8 

n 


*V|L (min)= -0.5 V dc; V|l (min)= -2.0 V ac (pulse width ^20 ns) 


DC CHARACTERISTICS 


Parameter | 



Typ 

Max 




- 

- 

±1.0 


Output Leakage Current (E=V|h, Vout = 0 ^ ^cc) 

'lka(O) 

- 

- 

±1.0 


AC Supply Current (lout = 0 rriA) MCM6207-20; tAVAV=20 ns 

MCM6207-25: tAVAV=25 ns 

'CCA 

- 

110 

140 

mA 

- 

100 

130 

TTL Standby Current (E = V||-|, No Restrictions on Other Inputs) 

'SBI 

- 

30 

40 

mA 

CMOS Standby Current (E>VcC“0-2 V, No Restrictions on Other Inputs) 

‘SB2 

- 

20 

30 

mA 

Output Low Voltage (Iol = 8-0 niA) 

VOL 

- 

- 

0.4 

V 

Output High Voltage (loH= “^-0 niA) 

VOH 

2.4 

- 

- 

V 


CAPACITANCE (f=1.0 MHz, dV = 3.0 V, Ta = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic | 

Symbol 

Typ 

Max 

Unit 

Input Capacitance 

All Inputs Except E 

Qn 

4 

6 

pF 


E 


5 

7 


Output Capacitance | 

^out 

5 

7 

pF 
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MCM6207 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5 V ±10%, Ta= 0 to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Referenbe Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load. See Figure 1A 

Input Rise/ Fall Time 5 ns 


READ CYCLE (See Note 1) 


Parameter 

Symbol 

MCM6207-20 

MCM6207-25 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Read Cycle Time 

tAVAV 

tRC 

20 

- 

25 

- 

ns 

2 

Address Access Time 

tAVQV 

tAA 

- 

20 

- 

25 

iHQH 


Enable Access Time 

tELQV 

tACS 

- 


- 


BSI 

3 

Output Hold from Address Change 

tAXQX 

tOH 

4 

- 

5 

- 

HSIIi 


Enable Low to Output Active 

tELQX 

tLZ 

4 

- 

5 

-- 

BSI 

||||[QI3[ 

Enable High to Output HIgh-Z 

tEHQZ 

tHZ 

0 

8 

0 


II22III 


Power Up Time 

^ELICCH 

tpu 

0 

- 

mQiiiii 

- 

IB9i 


Power Down Time 

tEHICCL 

tpD 

- 

20 


25 

||[|Q| 



NOTES: 

1 . W Is high for read cycle. 

2. All read cycle timing is referenced from the last valid address to the first transitioning address. 

3. Addresses valid prior to or coincident with E going low. 

4. At any given voltage and temperature, t^HOZ ^ELQX ^ given device and from device to device. 

5. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. 

6. This parameter is sampled and not 100% tested. 

7. Device is continuously selected (E=V|l). 


READ CYCLE 1 (See Note 7 Above) 



^ tAVAV ► 


A (ADDRESS) ^ 

(_ 

( 


^ tAXQX > 



Q (DATA OUT) 

PREVIOUS DATA VALID ^ 


^ DATA VALID 


^ tAVOV ► 



READ CYCLE 2 (See Note 3 Above) 



tAVAV ► 


A (ADDRESS) ^ 

L _ ) 

d 



M tELQV ► 




E (CHIP ENABLE) 

n fnflTft niiTi - 

> 

/ 

^ H-tEHOZ 

tELOX -►1 


AA/VYY’^ 

^ DATA VALID 




1W\AAA7 



^ tEHICCL 

tELICCH ► 

^AVQV ► 


Vcc 'cc 
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WRITE CYCLE 1 (W Controlled, See Note 1) 


Parameter 

Symbol 

MCMe207-20 

MCM6207-25 

QQI 


Standard 

Alternate 

Min 

Max 

Min 


Write Cycle Time 

tAVAV 

twc 

20 

- 

25 

- 


2 

Address Setup Time 

tAVWL 

tAS 

0 

- 

0 

- 



Address Valid to End of Write 

tAVWH 

tAW 

15 

- 

20 

- 

ns 


Write Pulse Width 

tWLWH 

twp 

12 

- 

15 

- 

ns 


Data Valid to End of Write 

tDVWH 

tDW 

8 

- 

10 

- 

ns 


Data Hold Time 

tWHDX 

tDH 

0 

- 

0 


ns 


Write Low to Output High-Z 

tWLQZ 

twz 

0 

7 

0 



mm 

Write High to Output Active 



5 

- 

5 

- 


mm 

Write Recovery Time 

tWHAX 

tWR 

0 

- 

0 

- 

ns 



NOTES: _ _ 

1 . A write occurs during the overlap of E low and W low. 

2. All write cycle timing is referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±500 mV from steady-state voltage with load in Figure 1B. 

4. Parameter is sampled and not 100% tested. 




AC TEST LOADS 




Figure 1B 


TIMING LIMITS 

The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are specified 
from the external system point of view. 
Thus, address setup time is shovyn as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the device point of view. 
Thus, the access time is shown as a 
maximum since the device never provides 
data later than that time. 
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WRITE CYCLE 2 (1 Controlled, See Note 11 


Parameter 

Symbol 

MCM6207-20 




Standard 

Alternate 

Min 

Max 



Write Cycle Time 

^AVAV 

twc 

20 

- 

25 

- 

noil 

2 

Address Setup Time 

tAVEL 

tAS 

0 

_ 

0 

- 



Address Valid to End of Write 

tAVEH 

tAW 

15 

- 

20 

- 

mi^ii 


Enable to End of Write 

tELEH 

tew 

12 

- 

15 

- 

HQ^II 

mm 

Enable to End of Write 

tELWH 

tew 

12 

- 





Write Pulse Width 

tWLEH 

twp 

12 

- 

15 




Data Valid to End of Write 

tDVEH 

tDW 

8 

- 

10 

- 



Data Hold Time 

tEHDX 

tDH 

0 

- 

0 

- 



Write Recovery Time 

tEHAX 

tWR 

im^iiiiiiiii 

- 

0 

- 

ns 




1 . A write occurs during the overlap of 1 low and W low. 

2. All write cycle timing is referenced from the last valid address to the first transitioning address. 

3. If 1 goes low coincident with or after W goes low, the output will remain in a high impedance condition. 

4. If 1 goes high coincident with or before W goes high, the output will remain in a high impedance condition. 



^ tAVAV ► 


A (ADDRESS) ^ 



( 


^ tAVEH ► 



E (CHIP ENABLE) 

? 

M ♦AVEL '^LEH ^ 

1 



tELWH ^ 



W (WRITE ENABLE) 

3.,^ tWLEH 

1 

»[ tEHDX 

tOVEH — ► 


Q. DATA OUT! 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 6207 X 


Motorola Memory Prefix 


XX 


XX 


I 


Shipping Method (R2= Tape & Reel, Blank = Rails) 


Part Number 


Speed (20 = 20 ns, 25 = 25 ns) 


Package (P = Plastic DIP, J = Plastic SOJ) 


Full Part Numbers- MCM6207P20 
MCM6207J20 
MCM6207J20R2 


MCM6207P25 

MCM6207J25 

MCM6207J25R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 

Product Preview 


MCM6208 

MCM6209 


64Kx4 Bit Static RAMs 


The MCM6206 and MCM6209 are 262,144 bit static random access memories organized 
as 65,536 words of 4 bits, fabricated using Motorola's high-performance silicon-gate CMOS 
technology. Static design eliminates the need for external clocks or timing strobes, while 
CMOS circuitry reduces power consumption for greater reliability. 

The chip enable (E) pin is not a clock. In less than a cycle time after E goes high, the 
part enters a low-power standby mode, remaining in that state until E goes low again. This 
feature reduces system power requirements without degrading ^ccess time performance. 

The MCM6209 has both chip enable (E) and output enable (G) inputs, allowing greater 
system flexibility. Either input, when high, will force the outputs to high impedance. 

• Single 5 V ± 10% Power Supply 

• Fast Access Time (Maximum): MCM6209 

(xx=06or09) Address Chip Enable Output Enable 
MCM62XX-20 20 ns 20 ns 10 ns 

MCM62XX-25 25 ns 25 ns 12 ns 

• Equal Address ajid Chip Enable Access Time 

• Output Enable (G) Feature for Increased System Flexibility and to Eliminate Bus 

Contention Problems (MCM62O0) 

• Low Power Operation: 140/130 mA Maximum, Active AC 

• Fully TTL Compatible— Three-State Data Output 




PIN NAMES 1 

AO-AIB . . . 

. . Address Input 

1 . . . . 


DQ0-DQ3. . 

Data Input/Output 

NC . . . 

.... No Connection 

W 

. . . Write Enable 

vcc* • • 

. +5 V Power Supply 

G (MCM6209) 

. . Output Enable 

Vss- • • 




300 MIL PLASTIC 
CASE 724 


J PACKAGE 
300 MIL SOJ 
CASE 810A 



300 MIL PLASTIC 300 MIL SOJ 
CASE 710A CASE 810B 


PIN ASSIGNMENT 
MCM6208 


A0[ 

1 • 

24 

]vcc 

Al[ 

2 

23 

^A15 

A2[ 

3 

22 

]A14 

A3[ 

4 

21 

lA13 

A4[ 

5 

20 

]A12 

A5[ 

6 

19 

]A11 

A6[ 

7 

18 

]A10 

A7[ 

8 

17 

]DQ0 

A8l 

9 

16 

]DQ1 

A9[ 

10 

15 

]DQ2 

11 

11 

14 

]DQ3 

Vsst 

12 

13 

iw 


MCM6209 


NC[ 

1 • 

28 

]Vcc 

AQ[ 

2 

27 

]A15 

A1[ 

3 

26 

]A14 

A2[ 

4 

25 

]A13 

A3C 

5 

24 

]A12 

A4C 

6 

23 

]A11 

ABC 

7 

22 

]A10 

A6[ 

8 

21 

]NC 

A7C 

9 

20 

]NC 

A8t 

10 

19 

]DQ0 

A9[ 

11 

18 

]DQ1 


12 

17 

]DQ2 

H 

13 

16 

]DQ3 

vssC 

14 

15 

]w 



This document contains infonnation on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCM6208«MCM6209 


MCM6208 TRUTH TABLE 


E 

W 

Mode 

Vcc Current 

Output 

Cycle 

H 

X 

Not Selected 

ISB1, ISB2 

High-Z 

— 

L 

H 

Read 

•CCA 

Dout 

Read Cycle 

L 

L 

Write 

ICCA 

High-Z 

Write Cycle 


MCM6209 TRUTH TABLE 


E 

G 

W 

Mode 

Vcc Current 

I/O Pin 

Cycle 

H 

X 

X 

Not Selected 

ISB 

High-Z 

- 

L 

H 

H 

Read 

'CCA 

High-Z 

— 

L 

L 

H 

Read 

•cCA 

Cout 

Read Cycle 

L 

X 

L 

Write 

ICCA 

Din 

Write Cycle 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 

This CMOS memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the tables, after thermal equilib- 
rium has been established. The circuit is in 
a test socket or mounted on a printed circuit 
board and transverse air flow of at least 500 
linear feet per minute is maintained. 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

vcc 

-0.5 to +7.0 

V 

Voltage Relative to Vss I’or Any 

Pin Except Vcc 

Vin. Vout 

-0.5 to Vcc + 0*5 

V 

Output Current (per I/O) 

•out 

±20 

mA 

Power Dissipation (Ta=25°C) 

pd 

1.0 

W 

Temperature Under Bias 

"•"bias 

-10 to +85 

°C 

Operating Temperature 

Ta 

0 to +70 

°C 

Storage Temperature 

Istg 

-55 to +125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 


Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 


5.5 

mm 

Input High Voltage 


2.0 

- 

Vcc + 0.3 

V 

Input Low Voltage 


-0.5* 

- 

0.8 

■■ 


*V|L (min)= -0.5 V dc; V|l (min)= -2.0 V ac (pulse width ^ 20 ns) 

DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Typ 

Max 

QQ 

Input Leakage Current (All Inputs, Vin=0 to Vcc) 


- 

- 

±1.0 

B1 

Output Leakage Current (E=V|h, Vout=0 to Vcc) 

•ika(O) 

- 

_ 

±1.0 

BQI 

AC Supply Current dout^^O mA) fAVAV=20 ns 

tAVAV=25ns 

•cCA 

- 

110 

140 

mA 

- 

100 

130 

TTL Standby Current (E = Vih, No Restrictions on Other Inputs) 

ISBI 

- 

30 

40 

lEEil 

CMOS Standby Current (Es:VcC“0.2 V, No Restrictions on Other Inputs) 

•SB2 

- 

20 

30 

IIQQIII 

Output Low Voltage (Iql^S.O mA) 

VoL 

- 

- 

0.4 

B 

Output High Voltage (Iqh = ~4.0 mA) 

VOH 

2.4 

- 

- 

n 


CAPACITANCE (f=1.0 MHz, dV=3.0 V, Ta= 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic | 

Symbol 

Typ 

Max 


Input Capacitance 

Ail Inputs Except E 

C|n 

4 

6 

PF 


1 


5 

7 


I/O Capacitance | 

C|/0 

5 

7 

■a 
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MCM6208*MCIVI6209 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = SV ±10%, TA = 0to +70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load Figure 1 A Unless Otherwise Noted 

Input Rise/ Fall Time 5 ns 

READ CYCLE (See Note 1) 


Parameter 

Symbol 

MCMe208-20 

MCMe209-20 

MCM620e-2S 

MCM6209-25 

Units 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Read Cycle Time 


tRC 

20 

- 

25 

- 


2 

Address Access Time 

tAVQV 

tAA 

- 

20 

- 

mm 



Enable Access Time 

tELQV 

tACS 

- 

20 

- 

25 


3 

Output Hold from Address Change 

tAXQX 

tOH 

4 

- 

5 

- 

mom 


Output Enable Access Time MCM6209 

tGLQV 

tQE 

- 

10 

- 

mm 

liQlli 


Output Enable Low to Output Active MCM6209 

tGLQX 

tLZ 

3 

- 

4 

- 


EMM 

Output Enable High to Output High-Z MCM6209 

tGHQZ 

tHZ 

0 

6 

0 

8 



Enable Low to Output Active 

tELQX 

tLZ 

4 

- 

5 

- 



Enable High to Output High-Z 

tEHOZ 

tHZ 

0 

8 


10 

iiQii 


Power Up Time 


tpu 

0 

- 

0 

- 



Power Down Time 


tPD 

- 

20 

- 

25 

ns 



NOTES: 1. W is high for read cycle. 

2. All read cycle timing is referenced from the last valid address to the first transitioning address. 

3. Addresses valid prior to or coincident with E going low. 

4. At any given voltage and temperature, tEHOZ 's less than tELQX ^nd tQHQZ 's less than tQLOX •^oth for a 
given device and from device to device. 

5. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. 

6. This parameter is sampled and not 100% tested. 

7. Device is continuously selected (E = V|l) and G = V|l (MCM6209 only). 


READ CYCLE 1 (See Note 7 Above) 



^ tAVAV ► 


A (ADDRESS) ^ 

c i 



U tAXQX 


Q (DATA OUT) PREVIOUS DATA VALID ^ 




tAVQV ^ 

READ CYCLE 2 (See Note 3 Above) 
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MCM6208*MCM6209 



WRITE CYCLE 1 (W Controlled. See Notes 1 and 6) 


Parameter 

Symbol 

MCMe208-20 

MCMe209-20 

MCM6208-25 

MCM6209-25 

Units 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

twc 

20 

- 

25 

- 

ns 

2 

Address Setup Time 

tAVWL 

tAS 

0 

- 

0 

- 

ns 


Address Valid to End of Write 

tAVWH 

tAW 

15 

- 

20 

- 



Write Pulse V^dth 



15 

- 

20 

- 

IS^I 


Data Valid to End of Write 

tDVWH 

tDW 

8 

- 

10 

- 

B9I 


Data Hold Time 


tDH 

IHQIIIII 

- 

0 

- 



Write Low to Output HIgh-Z 

tWLQZ 


0 

7 

0 

10 

■a 


Write High to Output Active 

tWHQX 

tow 

5 

- 

5 

- 

■a 


Write Recovery Time 

tWHAX 

tWR 

0 


0 

- 

ns 



NOTES: 1. 
2 . 

3. 

4. 

5. 

6 . 


A write occurs during the overlap of E low and W low. 

All write cycle timing is referenced from the last valid address to the first transitioning address. 

Transition is measured ±500 mV from steady-state voltage with load In Figure IB. 

Parameter is sampled and not 100% tested. 

At any given voltage and temperature, t\/vLQ2 max is less than tyyHQX both for a given device and from device to device. 
MCM6209, if G goes low coincident with or after W goes low, the output will remain in a high impedance state. 



AC TEST LOADS 




Figure 1A 


Figure IB 
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MCM6208*MCM6209 


WRITE CYCLE 2 IE Controlled, See Notes 1 and 51 


Parameter 

Symbol 

MCM6208-20 

MCM620e-20 

MCM6208-25 

MCM6209-25 

Units 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

fAVAV 

twc 

20 

- 

25 

- 

HQH 

2 

Address Setup Time 

UVEL 

tAS 

0 

- 

HK|H 

- 

HQm 


Address Valid to End of Write 

tAVEH 

tAW 

15 

- 


- 

B3i 


Enable to End of Write 

tELEH 


mm 

- 

15 

- 


mm 

Enable to End of Write 

tELWH 


12 

- 


- 

lll[Q[ll 

mm 

Write Pulse Width 

tWLEH 


mm 

- 


- 

HESII 


Data Valid to End of Write 

tDVEH 


8 

- 

||||[Q||[||| 

- 

IS9i 


Data Hold Time 


tDH 

0 

- 

0 

- 



Write Recovery Time 



0 

- 

0 

- 




NOTES: 1. A write occurs during the overlap of 1 low and W low. 

2. All write cycle timing is referenced from the last valid address to the first transitioning address. 

3. If 1 goes low coincident with or after W goes low, the output will remain in a high impedance condition. 

4. If 1 goes high coincident with or before W goes high, the output will remain in a high impedance condition. 

5. MCM6209, if G goes low coincident with or after W goes low, the output will remain in a high impedance state. 




Q (DATA OUT) 


HIGH-Z 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 62XX 

Motorola Memory Prefix 

Part Number 


X 


XX 



Shipping Method (R2 - Tape and Reel, Blank Rails) 
Speed (20=20 ns, 25 = 25 ns) 

Package (P = Plastic DIP, J = Plastic SOJ) 


Full Part Numbers- MCM6208P20 
MCM6208P25 


MCM6208J20 

MCM6208J25 


MCM6208J20R2 

MCM6208J25R2 


MCM6209P20 MCM6209J20 

MCM6209P25 MCM6209J25 


MCM6209J20R2 

MCM6209J25R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Product Preview 

1 28K X 8 Bit Fast Static Random 
Access Memory 

The MCM6226-30 is a 1,048,576 bit static random access memory organized as 131,072 
words of 8 bits, fabricated using high-performance silicon-gate CMOS (HCMOS) tech- 
nology. Static design eliminates the need for external clocks or timing strobes, while 
CMOS circuitry reduc^ power consumption and provides for greater reliability. 

The output enable (G) feature allows fast access to the memory contents. 

The MCM6226-30 is packaged in a 400 mil, 32 pin plastic dual-in-line package or a 
32 lead 400 mil plastic SOJ package with the JEDEC standard pinout. 

• Single 5 V Supply, ± 10% 

• Fully Static— No Clock or Timing Strobes Necessary 

• Fast Access Time— 30 ns (Maximum) 

• Low Power Dissipation— 140 mA 

• Three Chip Controls; S Chip Select 

S Chip Select 
G for Fast Access to Data 

• Three State Outputs 

• Fully TTL Compatible 


BLOCK DIAGRAM 



MCM6226-30 



CASE 810 


PIN ASSIGNMENT 


NCI 

1 • 

32 

JVcc 

A[ 

2 

31 

lA 

AI 

3 

30 

]S/NC 

AI 

4 

29 

1* 

A[ 

5 

28 

JA 

AI 

6 

27 

lA 

AI 

7 

26 

lA 

AI 

8 

25 

lA 

AI 

9 

24 

IG 

AI 

10 

23 

lA 

AI 

11 

22 

IS 

AI 

12 

21 

]0Q7 

OQOI 

13 

20 

|0Q6 

DQ1I 

14 

19 

]DQ5 

DQ2I 

15 

18 

]DQ4 

Vss I 

16 

17 

]DQ3 


PIN NAMES 


;^A16 Address 

W Write Enable 

S Chip Enable 

S Chip Enable 

G Output Enable 

DQ0-DQ7 . , Data Input/Output 
Vcc .... +5 V Power Supply 

Vss Ground 

NC No Connection 


This document contains information on a product under deveiopment. Motorola reserves the right to change or discontinue this product without notice. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Product Preview 

256Kx4 Bit Fast Static Random 
Access Memory 

The MCM6228-25 is a 1,048,576 bit static random access memory organized as 262,144 
words of 4 bits, fabricated using high-performance silicon-gate CMOS (HCMOS) tech- 
nology. Static design eliminates the need for external clocks or timing strobes, while 
CMOS circuitry reduc^ power consumption and provides for greater reliability. 

The output enable (G) feature allows fast access to the memory contents. 

The MCM6228-25 is packaged in a 400 mil, 28 pin plastic dual-in-line package or a 
28 lead 400 mil plastic SOJ package with the JEDEC standard pinout. 

• Single 5 V Supply, ± 10% 

• Fully Static— No Clock or Timing Strobes Necessary 

• Fast Access Time— 25 ns (Maximum) 

• Low Power Dissipation— 140 m A 

• Two Chip Controls; S Chip Select 

G for Fast Access to Data 

• Three State Outputs 

• Fully TTL Compatible 


BLOCK DIAGRAM 



MCM6228-25 



PIN ASSIGNMENT 


A[ 

1 • 

28 

Ivcc 

A[ 

2 

27 

lA 

A[ 

3 

26 

]A 

A[ 

4 

25 

]A 

A[ 

5 

24 

]A 

A[ 

6 

23 

]A 

A[ 

7 

22 

]A 

A[ 

8 

21 

]A 

A[ 

9 

20 

]NC 

A[ 

10 

19 

]DQ3 

A[ 

11 

18 

]DQ2 

s[ 

12 

17 

]DQ1 

G[ 

13 

16 

]DQ0 

VssE 

14 

15 

iw 



PIN NAMES 


A0-A17 Address 

W Write Enable 

S Chip Select 

G Output Enable 

DQ0-DQ3 . . Data Input/ Output 
Vcc • ■ • ■ + 5 V Power Supply 

Vss Ground 

NC No Connection 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


8K X 8 Bit Fast Static RAM 

The MCM6264 is a 65,536 bit static random access memory organized as 8192 words of 
8 bits, fabricated using Motorola's high-performance silicon-gate CMOS technology. 

Static design eliminates the need for external clocks or timing strobes, while CMOS circui- 
try reduces power consumption which provides greater reliability. 

The chip enable pins (El and E2) are not clocks. Either pin, when asserted false, causes 
the part to enter a low power standby mode. The part will remain in standby mode until 
both pins are asserted true again. The availability of active high and active low chip enable 
pins provides more system design flexibility than single chip enable devices. 

The MCM6264 is available in 300 and 600 mil, 28 pin plastic dual-in-line packages and 
300 and 400 mil, 28 pin plastic SOJ packages. All packages feature the JEDEC standard 
pinout. 

• Single 5 V Supply, ± 10% 

• 8K X 8 Organization 

• Fully Static— No Clock or Timing Strobes Necessary 

• Fast Access Time— 30, 35, 45, 55 ns (Maximum) 

• Low Power Operation— 105, 100, 90, 80 mA (Maximum, Active) 

• Three State Outputs 

• All Inputs and ^tputs are TTL Compatible 

• Output Enable (G) Feature for Increased System Flexibility and to Eliminate Bus 

Contention Problems 


BLOCK DIAGRAM 



MCM6264 



300 MIL PLASTIC 
CASE 710A 


WP PACKAGE 
600 MIL PLASTIC 
CASE TBD 




J PACKAGE 
400 MIL SOJ 
CASE 810 


NJ PACKAGE 
300 MIL SOJ 
CASE 810B 


PIN ASSIGNMENT 


ncE 

1 • 

28 

]vcc 

A12[ 

2 

27 

]w 

A7[ 

3 

26 

1E2 

A6[ 

4 

25 

]A8 

A5[ 

5 

24 

]A9 

A4[ 

6 

23 

]A11 

A3[ 

7 

22 

]G 

A2C 

8 

21 

]aio 

A1[ 

9 

20 

]eT 

aoE 

10 

19 

]DQ7 

0Q0[ 

11 

18 

]DQ6 

DQ1[ 

12 

17 

]DQ5 

DQ2[ 

13 

16 

]DQ4 

VssE 

14 

15 

]DQ3 


PIN NAMES 


^-Al2 Address 

W Write Enable 

El, E2 Cliip Enable 

G Output Enable 

DQ0-DQ7 Data Input/ Output 

Vcc + 5 V Power Supply 

Vss Ground 

NC No Connection 
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MCM6264 


TRUTH TABLE 


IT 

E2 

G 

W 

Mode 

Supply Current 

I/O Pin 

H 

X 

X 

X 

Not Selected 

'SB 

High Z 

X 

L 

X 

X 

Not Selected 

ISB 

HighZ 

L 

H 

H 

H 

Output Disabled 

icc 

HighZ 

L 

H 

L 

H 

Read 

icc 

Dout 

L 

H 

X 

L 

Write 

•cc 

Din 


X = don't care 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to -1-7.0 

V 

Voltage Relative to Vss for Any 

Pin Except Vqc 

Vin, Vout 

-0.5 to Vcc + 0-5 

V 

Output Current (per I/O) 

•out 

±20 

mA 

Power Dissipation (Ta=25°C) 

Pd 

1.0 

W 

Temperature Under Bias 

l^bias 

-10 to -1-85 

°C 

Operating Temperature 

Ta 

0 to -1-70 

°C 

Storage Temperature 

Istg 

-55 to -H25 



NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5-0 V ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

- 

Vcc + 0-3 

V 

Input Low Voltage 

V|L 

-0.3* 

- 

0.8 

V 


*V|L (min)= -0.3 V dc; V|l (min)= -3.0 V ac (pulse width <20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 


Input Leakage Current (All Inputs, Vjn=0 to Vcc) 

l|ka(l) 

- 

±1.0 

fiA 

Output Leakage Current (ET=V|h, E2=V|i_, or G=V|h, Vout=0 1° Vcc) 

■ikg(O) 

- 

±1.0 


Power Supply Current (fAVAV = 30 ns) 

Icc 

- 

105 

mA 

(ET = V|l, E2 = V|h, lout = 0) (tAVAV = 35 ns) 


- 

100 


(fAVAV = 45ns) 


- 

90 


(tAVAV=55 ns) 


- 

80 


Standby Current (ET=V|h or E2 =V|l) 

ISBI 

- 

10 

mA 

Standby Current (ET^Vcc- 0.2 V or E2s0.2 V, Vin = V|H or Vin=V|L) 

ISB2 

- 

5 


Output Low Voltage (Iol=8-0 oiA) 

VOL 

- 

0.4 

V 

Output High Voltage (loH= “4.0 mA) 

VOH 

2.4 

- 

V 


CAPACITANCE (f=1.0 MHz, dV = 3.0 V, Ta = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Max 

Unit 

Input Capacitance 


All Inputs Except DO 

Din 

6 

PF 

I/O Capacitance 


DO 

C|/0 

8 

PF 
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MCM6264 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

{Vcc = 5.0 V ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


Input Pulse Levels 0 to 3.0 V 

Input Rise/Fall Time 5 ns 

Input Timing Measurement Reference Levels 1.5 V 

Output Timing Measurement Reference Levels 0.8 and 2.0 V 

Output Load See Figure 1 


+ 5 V 



READ CYCLE (See Note 1) 


Parameter 

Symbol 

Alt 

Symbol 

IVICMe264-30 

MCM6264-36 





IQQI 


mm 


loa 




Read Cycle Time 

tAVAV 

tRC 

Bc!>B 


K9 

- 

■ai 

- 


- 

BEI 

- 

Address Cycle Time 

tAVQV 

tAA 

- 


- 


- 

■a 

- 

wm 

■a 

, - 

IT Access Time 

tEILQV 

tACI 

- 

KHil 

- 

■a 

- 

■a 

- 

wm 

mm 

- 

E2 Access Time 

tE2HQV 


- 


- 

mm 

- 

mm 

_ 


■a 

- 

(} Access Time 

tQLQV 

tOE 

- 


- 

mm 

- 

IK<ii 

- 

wm 

■a 

- 

Output Hold from Address 
Change 

tAXQX 

tOH 

5 

- 

5 

- 

5 

. - 

5 

- , 

ns 

- 

Chip Enable to Output Low-Z 

tE1LQX» tE2HQX 

tCLZ 

5 

- 

5 

- 

5 

- 

5 

_ 

■a 


Output Enable to Output Low-Z 

tQLQX 


0 

- 

0 

- 

0 

- 

0 

_ 

■a 

EEI 

Chip Enable to Output High-Z 

tE1HQZ» tEZLQZ 

tCHZ 

0 

mm 

0 

mm 

0 

■a 

0 

■a 



Output Enable to Output High-Z 

tQHQZ 

MSHfM 

0 

mm 

0 

■a 

0 

■a 

0 

■a 

■a 

EQI 


NOTES: 

1. W is high at all times for read cycles. 

2. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from 
the previous steady state voltage. 

3. These parameters are periodically sampled and not 100% tested. 


A (ADDRESS) 


El, E2 (CHIP ENABLE) 


G (OUTPUT ENABLE) 


a (DATA OUT) 
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MCM6264 


WRITE CYCLE 1 (W CONTROLLED) (See Note 1) 


Paramater 

Symbol 

Alt 

Symbol 

MCMfi2B4-30 

MCMfi264-36 

MCM6264-46 

Emm 







KTffi 

12131 


UJI3I 

Write Cycle Time 

tAVAV 


30 

- 

K9 

- 

45 

- 

B 

- 

wm 

- 

Address Setup Time 

tAVWL 

tAS 

0 

- 

0 

- 

0 

- 

0 

- 

la 

- 

Address Valid to End of Write 



^^1 

- 

B 

- 

B 

- 

B 

- 

mm 

- 

Write Pulse Width 

tWLWH 

fWP 


- 


- 

B 

- 

B 

- 

■a 

3 

Data Valid to End of Write 

tDVWH 

tDW 

mnm 

- 

mm 

- 



B 

- 

■a 

- 

Data Hold Time 

tWHDX 

tDH 

0 

- 

0 

- 

0 

- 

0 

- 

■a 

3 

Write Low to Output in High-Z 

tWLQZ 


0 

mm 

IHQH 

mm 


B 

0 

B 

■a 

KM 

Write High to Output Low-Z 

tWHQX 

tow 

B 

- 

5 

- 

5 

- 

5 

- 

la 

moi 

Write Recovery Time 



0 

~ 


- 

0 

- 

0 

- 

■a 

- 


NOTES: _ _ 

1. ^write cycle starts at the latest transition of a low El, low W, or high E2. A write cycle ends at the earliest transition of a high ET, high 

W^r low E2. 

2. If W goes low coincident with or prior to IT low or E2 high then the outputs will remain in a high impedance state. 

3. During this time the output pins may be in the output state. Signals of opposite phase to the outputs must not be applied at this time. 

4. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from 
the previous steady state voltage. 

5. These parameters are periodically sampled and not 100% tested. 



UVAV 



TIMING PARAMETER ABBREVIATIONS 

t X X X X 

signal name from which interval is defined 1 I 

transition direction for first signal * 

signal name to which interval is defined 

transition direction for second signal 

The transition definitions used in this data sheet are: 

H = transition to high 
L = transition to low 
V = transition to valid 
X = transition to invalid or don't care 
Z = transition to off (high impedance) 


TIMING LIMITS 

The table of timing values shows either a minimum or a 
maximum limit for each parameter. Input requirements are 
specified from the external system point of view. Thus, address 
setup time is shown as a minimum since the system must 
supply at least that much time (even though most devices do 
not require it). On the other hand, responses from the memory 
are specified from the device point of view. Thus, the access 
time is shown as a maximum since the device never provides 
data later than that time. 
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MCM6264 


WRITE cycle 2 (ENABLE CONTROLLED) (See Note 1) 


Parameter 


Alt 

Symbol 

MCMe264-30 

MCM6264-36 

MCM62644I6 

MCM6264-56 

Unit 

Notes 






ICQjl 



Write Cycle Time 


twc 


- 

Ei 

- 

■9 

- 

66 

- 


- 

Address Setup Time 

tAVEIL 

tAS 

0 

- 

0 

_ 

0 

- 


- 


2 

Address Valid to End of Write 

tAVEIH 

tAW 

1^1 

- 

tm 

- 

K9 

- 

mm 

- 

■a 

2 

Chip Enable to End of Write 

tEILEIH 

tew 


- 


- 

KS 

- 

■9 


■a 


Data Valid to End of Write 

tDVEIH 

tDW 



mm 

- 


- 


- 

HOI 

WEM 

Data Hold Time 


tDH 



0 

- 

IIIIQH 

- 

0 

- 

M3 

ma 

Write Recovery Time 

tEIHAX 

tWR 


- 

0 

- 

0 

- 

0 

- 

la 

2 


NOTES: _ _ 

1. A write cycle starts at the latest transition of a low El, low W, or high E2. A write cycle ends at the earliest transition of a high IT, high 
W, or low E2. 

2. El and E2 timings are identical when E2 signals are inverted. 

3. If W goes low coincident with or prior to El low or E2 high then the outputs will remain in a high impedance state. 

4. During this time the output pins may be in the output state. Signals of opposite phase to the outputs must not be applied at this time. 


- tAVAV - 


A (ADDRESS) 


X 




-tAVEIH- 


E (CHIP ENABLE) 


\ 




-tAVEU- 


- tEILEIH- 


-tEIHAX 


D (DATA IN) 




4 -^ 


tDVEIH — >1 — tElHDX 


Q (DATA OUT) 


ORDERING INFORMATION 
(Order by Full Part Number) 



Full Part Numbers— 


Shipping Method (R2 = Tape & Reel, Blank = Rails) 

Speed (30 = 30 ns, 35 = 35 ns, 45 = 46 ns, 

55 = 55 ns) 

Package (P = 300 mil Plastic DIP, 

WP=600 mil Plastic DIP, J =400 mil Plastic SOJ, 
NJ=300 mil Plastic SOJ) 


MCM6264P30 

MCM6264P35 

MCM6264P45 

MCM6264P55 


MCM6264WP30 

MCM6264WP35 

MCM6264WP45 

MCM6264WP55 


MCM6264J30 

MCM6264J35 

MCM6264J45 

MCM6264J55 


MCM6264J30R2 

MCM6264J35R2 

MCM6264J45R2 

MCM6264J55R2 


MCM6264NJ30 

MCM6264NJ35 

MCM6264NJ45 

MCM6264NJ55 


MCM6264NJ30R2 

MCM6264NJ35R2 

MCM6264NJ45R2 

MCM6264NJ55R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Product Preview 

8K X 8 Bit Fast Static RAM 


The MCM6264-25 is a 65,536 bit static random access memory organized as 8192 words 
of 8 bits, fabricated using Motorola's high-performance silicon-gate CMOS technology. 
Static design eliminates the need for external clocks or timing strobes, while CMOS circui- 
try reduces power consumption which provides greater reliability. 

The chip enable pins (El and E2) are not clocks. Either pin, when asserted false, causes 
the part to enter a low power standby mode. The part will remain in standby mode until 
both pins are asserted true again. The availability of active high and active low chip enable 
pins provides more system design flexibility than single chip enable devices. 

The MCM6264-25 is available in a 300 mil, 28 pin plastic dual-in-line package and a 300 
mil, 28 pin plastic SOJ packages. All packages feature the JEDEC standard pinout. 

• Single 5 V Supply, ± 10% 

• 8K X 8 Organization 

• Fully Static— No Clock or Timing Strobes Necessary 

• Fast Access Time— 25 ns (Maximum) 

• Low Power Operation— 110 mA (Maximum, Active) 

• Three State Outputs 

• All Inputs and C^tputs are TTL Compatible 

• Output Enable (G) Feature for Increased System Flexibility and to Eliminate Bus 

Contention Problems 


BLOCK DIAGRAM 



















— 


ROW 


MEMORY ARRAY 

DECODER 

* 

(128 ROWS 



512 COLUMNS) 



_J l_ 


-Vcc 

-Vss 


COLUMN I/O 


COLUMN OECODER 

A2 A1 AO A10 A4 A3 
(LSB) (MSB) I 


MCM6264-25 



PIN ASSIGNMENT 


NC[ 

1 • 

28 

IVcc 

A12[ 

2 

27 

]W 

A7[ 

3 

26 

]E2 

A6[ 

4 

25 

]A8 

A5[ 

5 

24 

]A9 

A4[ 

6 

23 

]A11 

A3[ 

7 

22 

]G 

A2[ 

8 

21 

]A10 

A1[ 

9 

20 

in 

A0[ 

10 

19 

]DQ7 

DQ0[ 

11 

18 

]DQ6 

DQ1[ 

12 

17 

]DQ5 

DQ2[ 

13 

16 

]DQ4 

VssC 

14 

15 

]DQ3 


PIN NAMES 


^A12 Address 

W Write Enable 

IT, E2 Chip Enable 

G Output Enable 

DQ0-DQ7 Data Input/Output 

Vcc + 5 V Power Supply 

Vss Ground 

NC No Connection 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCMe264-25 


TRUTH TABLE 


IT 

E2 

G 

W 

Mode 

Supply Current 

I/O Pin 

H 

X 

X 

X 

Not Selected 

<SB 

HighZ 

X 

L 

X 

X 

Not Selected 

>SB 

HighZ 

L 

H 

H 

H 

Output Disabled 

•cc 

HighZ 

L 

H 

L 

H 

Read 

•cc 

Dout 

L 

H 

X 

L 

Write 

icc 

Din 


X = don't care 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

vcc 

-0.5 to -^7.0 

V 

Voltage Relative to Vss for Any 

Pin Except Vqc 

Vin/ Vout 

-0.5 to Vcc + 0.5 

V 

Output Current (per I/O) 

•out 

±20 

mA 

Power Dissipation (Ta=25°C) 

Pd 

1.0 

W 

Temperature Under Bias 

Tbias 

-10 to +85 

°C 

Operating Temperature 

Ta 

Oto +70 

°C 

Storage Temperature 

]stg 

-55 to +125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, Ta=0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 


Typ 

Max 


Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

- 


V 

Input Low Voltage 

V|L 

-0.3* 

- 

0.8 

V 


*V|L (min)= -0.3 V dc; V|l (min)= -3.0 V ac (pulse width ^20 ns) 

DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vjn=0 to Vcc) 

i|kg(i) 

- 

±1.0 

VA 

Output Leakage Current (ET= Vih, E2 = V|l, or V|h, Vout=0 to Vcc) 

•ika(O) 

- 

±1.0 

ItA 

Power Supply Current (El =V|l, E2=V(h, lout^O, tAVAV=25 ns) 

•cc 

- 

105 

moQiiiii 

Standby Current (ET=V|h or E2 = V|l) 

•SBI 

- 

10 


Standby Current (ET^Vcc- 0.2 V or E2^0.2 V, V|n=V|H or V|n=V|L) 

•SB2 

- 

5 

unjoin 

Output Low Voltage (Iql^S.O mA) 

VOL 

- 

0.4 

V 

Output High Voltage (loH= ~4.0 mA) 

VOH 

2.4 

- 

V 


CAPACITANCE (f=1.0 MHz, dV = 3.0 V, Ta= 25°C, Periodically Sampled Rather Than 100% Tested) 


1 Characteristic | 

Symbol 

Max 


Input Capacitance 


All Inputs Except DO 

Din 

6 

PF 

I/O Capacitance 


DO 

C|/0 

8 

pF 
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MCM6264-25 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


Input Pulse Levels 0 to 3.0 V 

Input Rise/ Fall Time 5 ns 

Input Timing Measurement Reference Levels 1.5 V 

Output Timing Measurement Reference Levels 0.8 and 2.0 V 

Output Load See Figure 1 


+ 5 V 




READ CYCLE (See Note 1) 


Parameter 

Symbol 

Alt 

Symbol 

IVICM6264-2S 

Unit 

Notes 

Min 

Max 

Read Cycle Time 

tAVAV 

tRC 

25 

- 

ns 

- 

Address Cycle Time 

tAVQV 

tAA 

- 

25 


- 

IT Access Time 

tEILQV 

tACI 

- 

25 

um 

- 

E2 Access Time 

tE2HQV 

tAC2 

- 

25 

ns 

- 

S Access Time 

tGLQV 

tOE 

- 

10 

mm 

- 

Output Hold from Address Change 

tAXQX 

tOH 

5 

- 

mm 

- 

Chip Enable to Output Low-Z 

tEILQX^ tE2HQX 

tCLZ 

5 

- 

ns 

2,3 

Output Enable to Output Low-Z 

tGLQX 

tOLZ 

0 

- 

ns 

2,3 

Chip Enable to Output High-Z 

tEIHQZ^ tE2LQZ 

tCHZ 

0 

15 

ns 

HUji 

Output Enable to Output High-Z 



0 

15 

ns 

2,3 


NOTES: 

1 . W is high at all times for read cycles. 

2. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from 
the previous steady state voltage. 

3. These parameters are periodically sampled and not 100% tested. 


A (ADDRESS) 


E1, E2 (CHIP ENABLE) 


6 (OUTPUT ENABLE) 


Q (DATA OUT) 



HIGH-Z 


-tAVAV - 


- tAVQV - 


X 


-tEILQV' tE2H0V- 


\ 


- tGLQV - 


1^ tGLQX -H 
_ tEILQX. 

^E2HQX 





l-^tAXQX-^l 
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MCM6264-25 


WRITE CYCLE 1 (W CONTROLLED) (See Note 1) 


Parameter 

Symbol 

Alt 

Symbol 

MCM6264-2S 

Unit 

Notes 

Min 

Max 




25 

- 

ns 

- 

, Address Setup Time 

fAVWL 

tAS 

0 

- 

HSI 

- 

Address Valid to End of Write 

tAVWH 

tAW 

20 

- 

11112911 

- 

Write Pulse Width 



15 

- 

ns 

3 

Data Valid to End of Write 

tDVWH 

tDW 

10 

- 

ns 

- 


tWHDX 

tDH 

0 

- 

ns 

3 

Write Low to Output in High-Z 

tWLQZ 

tWHZ 

0 

15 

ns 

4, 5 

Write High to Output Low-Z 

tWHQX 


5 

- 

ns 

■Hi 

Write Recovery Time 

fWHAX 

tWR 

0 

- 

ns 

- 


NOTES: _ _ _ 

1. A write cycle starts at the latest transition of a low El, low W, or high E2. A write cycle ends at the earliest transition of a high E1, high 

W^r low E2. 

2. If W goes low coincident with or prior to El low or E2 high then the outputs will remain in a high impedance state. 

3. During this time the output pins may be in the output state. Signals of opposite phase to the outputs must not be applied at this time. 

4. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 5(X) mV transition from 
the previous steady state voltage. 

5. These parameters are periodically sampled and not 1(X)% tested. 


-tAVAV- 


A (ADDRESS) 




T 


- tAVWH- 


■ tWHAX 


E (CHIP ENABLE) 


\ 




- tWLWH- 


W (WRITE ENABLE) 


1 




-tAVWL- 


-tDVWH- 


- ^WHDX 


D (DATA IN) 


Q (DATA OUT) 


twLQZ ^1 

<mh- 


DATA VALID I 




mxm 


1*^ *WHQX, 


TIMING PARAMETER ABBREVIATIONS 

signal name from which interval is defined 
transition direction for first signal 
signal name to which interval is defined 
transition direction for second signal 

The transition definitions used in this data sheet are: 
H = transition to high 
L = transition to low 
V = transition to valid 
X = transition to invalid or don't care 
Z = transition to off (high impedance) 


t X X X X 


TIMING LIMITS 

The table of timing values shows either a minimum or a 
maximum limit for each parameter. Input requirements are 
specified from the external system point of view. Thus, address 
setup time is shown as a minimum since the system must 
supply at least that much time (even though most devices do 
not require it). On the other hand, responses from the memory 
are specified from the device point of view. Thus, the access 
time is shown as a maximum since the device never provides 
data later than that time. 
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MCM6264-25 


WRITE CYCLE 2 (ENABLE CONTROLLED) (See Note 1) 


Parameter 

Symbol 

Alt 

Symbol 

MCM6264-25 



Min 

Max 

Write Cycle Time 

tAVAV 


25 

- 

B9i 

- 

Address Setup Time 

tAVEIL 


0 

- 

lESli 

2 

Address Valid to End of Write 

tAVEIH 


20 

~ 

BSH 

2 

Chip Enable to End of Write 

tEILElH 

tew 

20 

- 

ns 


Data Valid to End of Write 

tDVEIH 


10 

- 

ns 

2 

Data Hold Time 

tEIHDX 



- 

HQH 

2, 4 

Write Recovery Time 



0 

- 

ns 

2 


NOTES: _ _ _ 

1. A write cycle starts at the latest transition of a low E1, low W, or high E2. A write cycle ends at the earliest transition of a high El, high 
W, or low E2. 

2. E1 and E2 timings are identical when E2 signals are inverted. 

3. If W goes low coincident with or prior to ET low or E2 high then the outputs will remain in a high impedance state. 

4. During this time the output pins may be in the output state. Signals of opposite phase to the outputs must not be applied at this time. 



- tAVAV - 


A (ADDRESS) 


X 


X 


-tAVEIH- 


E (CHIP ENABLE) 


X 


X 


-tAVElL- 


- tEILEIH- 


■'tEIHAX 


D (DATA IN) 




DATA VALID I 




mm 


toVEIH — — tEIHDX 


Q (DATA OUT) 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 6264 


Motorola Memory Prefix - 
Part Number 


X XX XX 

n 


Shlipping Metlrod (R2 = Tape & Reel, Blank = Rails) 
- Speed (25 = 25 ns) 


- Package (P=3(X) mil Plastic DIP, 
NJ=300mil Plastic SOJ) 


Full Part Numbers- MCM6264P25 


MCM6264NJ25 MCM6264NJ25R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



4K x4 Bit Static Random Access 
Memory 


MCM6268 

MCM6269 


The MCM6268 and MCM6269 are 16,384-bit static random access memories organized 
as 4096 words of 4 bits, fabricated using Motorola's high-performance silicon-gate CMOS 
technology. Static design eliminates the need for external clocks or timing strobes, while 
CMOS circuitry reduces power consumption and provides greater reliability. Fast access 
time makes this device suitable for cache and other sub-50 ns applications. 

The MCM6268 uses a chip enable (E) function which is not a clock. In less than a cycle 
time after 1 goes high, the part enters a low-power standby mode, remaining In that state 
until E goes low again. This device also incorporates internal power down circuitry that 
will reduce active current for less than 100% duty cycle applications. These features pro- 
vide reduced system power requirements without degrading access time performance. 

Similar in design to the Motorola MCM6268, the MCM6269 features an enhanced chip 
select circuit allowing access to data in as little as 12 ns. 

Both devices are available in a 20 lead plastic dual-in-line package and feature the stan- 
dard JEDEC pinout. 


• Single 5 V Supply, ± 10% 

• 4K X 4 Bit Organization 

• Fully Static— No Clock or Timing Strobes Necessary 

• Three State Output 

• Fully TTL Compatible 

• Fast Access Time (Maximum) (xx=68 or 69): 

MCM6268 
Address Chip Enable 


MCM62xxP25 25 ns 25 ns 

MCM62xxP35 35 ns 35 ns 

MCM6268P45 45 ns 45 ns 

MCM6268P55 55 ns 55 ns 


• Low Power Operation: 110 mA Maximum, Active AC 


MCM6269 
Chip Select 
12 ns 
15 ns 


BLOCK DIAGRAM 




PLASTIC 
CASE 738 


PIN ASSIGNMENT 


A4[ 

1 • 

20 

Jvcc 

A5[ 

2 

19 

]A3 

A6[ 

3 

18 

1A2 

A7[ 

4 

17 

1A1 

A8[ 

5 

16 

]A0 

A9[ 

6 

15 

]DQ0 

A10[ 

7 

14 

]DQ1 

A11[ 

8 

13 

]D02 

lorE[ 

9 

12 

]DQ3 

vssi 

10 

11 

IW 


PIN NAMES 1 

A0-A11 


W 

Write Enable 

1 (MCM6268) 


S (MCM6269) 


DQ0-DQ3 . . 


vcc 

. . . . +5 V Power Supply 

vss 
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MCM6268*MCM6269 


TRUTH TABLE 


E/S 

W 

Mode 

Vcc Current 
(MCMe2fi8) 

Vcc Current 
(MCMfi209) 

I/O Pin 

Cycle 

H 

X 

Not Selected 

iSB1, ISB2 

Ice 

High-Z 

— 

L 

H 

Read 

•cc 

■cc 

Dout 

Read Cycle 

L 

L 

Write 

•cc 

Icc 

Din 

Write Cycle 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Voltage Relative to Vss Any 

Pin Except Vcc 

Vin» Vout 

-0.5 to Vcc +0*5 

V 

Output Current (per I/O) 

•out 

±20 

mA 

Power Dissipation (Ta = 25°C) 

Pd 

1.0 

W 

Temperature Under Bias 

Tbias 

-10 to +85 

“C 

Operating Temperature 

Ta 

Oto +70 

°C 

Storage Temperature 

I§!fl 

-55 to +125 

°C 


NOTE: Permanent device damage may occur rf ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 


Max 


Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 


5.5 

V 

Input High Voltage 

V|H 

2.0 

- 

Vcc + 0.3 

V 

Input Low Voltage 

V|L 


- 

0.8 

V 


*V|L (min) = -0.5 V dc; V|l (min) = -3.0 V ac (pulse width ::s20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vjn = 0 to Vcc) 


- 

±1.0 

/*A 

Output Leakage Current (1 or5=V|H, Vout=0 to Vcc) 


- 

±1.0 


AC Supply Current (lout = 0 mA) MCM6268/e9-25, 35 

MCM6268-45, 55 


- 

110 

mA 

- 

80 

TTL Standby Current (E = V|h, No Restrictions on Other Inputs) (MCM6268) 


- 

20 


CMOS Standby Current (E2;Vcc~0.2 V, No Restrictions on Other Inputs) MCM6268-25, 35 

MCM6268-45, 55 

(S^Vcc-0.2 V, Vin^O.2 V, or ^VcC“0.2 V) (MCM6269) 

ISB2 

- 

15 


_ 

2 

>SB 

- 

15 

Output Low Voltage (loL=8.0 mA) 

VOL 

- 

0.4 

V 

Output High Voltage (loH= ~4.0 mA) 

VOH 

2.4 

- 

V 


CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, Ta= 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

Input Capacitance 


All Inputs Except E, S 

Cin 

- 

WM 

6 




E, S 


- 


7 


I/O Capacitance | 

C|/0 

- 

5 

7 

PF 
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MCM6268*MCM6269 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc - 5 V ±10%, Ta= 0 to +70®C, Unless Otherwise Noted) 

Input Reference Level 1.5 V Output Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load Figure 1A Unless OthenA/ise Noted 

Input Rise/ Fall Time 5 ns 

READ CYCLE (See Note 1) 


Parameter 

Symbol 

MCM6268P25 

MCM6269P2S 

MCM6288P35 

MCM6269P36 

MCM6268P46 

MCM6268P66 



Standard 

Alternate 

UIIQI 





R|2Q| 



Read Cycle Time 

tAVAV 

HS9i 


- 

35 


40 

- 


- 

191 

2 

Address Access Time 

tAVQV 

tAA 

- 

wm 

- 

Bi 

- 

40 

- 

mm 

1^1 


Enable Access Time (MCM6268) 

^ELQV 

tACS 

- 


- 

BcM 

- 

mm 

- 

El 



Select Access Time (MCM6269) 

tSLQV 

tACS 

- 

mm 

- 

mm 







Output Hold from Address Change 



5 


5 

- 

5 

- 

5 

- 

■a 


Enable Low to Output Active 

tELQX 

tiz 

HI 

- 

5 

- 

10 

- 

■El 

_ 

imQiiii 

EB9 

Select Low to Output Active 
(MCM6269) 


B 

5 

- 

5 

- 





Q 


Enable High to Output High-Z 


■!!^l 

0 

mm 

0 

mm 

0 

mm 




McMM 

Select High to Output High-Z 
(MCM6269) 

jj^QII 


0 

10 

0 

15 






nm 

Power Up Time (MCM6268) 

tELICCH 

tpu 

0 

- 

0 

- 

0 

- 

0 

- 

[iQiii 


Power Down Time (MCM6268) 

tEHICCL 

tpD 

- 

mm 

- 

30 

- 

mm 

- 


1109 




NOTK: 

1 . W is high for read cycle. 

2. All read cycle timing is referenced from the last valid address to the first transitioning address. 

3. At any given voltage and temperature, t^HOZ (or ^SHQZ) rnax, is less than tg^Qx (or tSLQX) oiin, both for a given device and from device 
to device. 

4. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. 

5. This parameter is sampled and not 100% tested. 

6. Device is continuously selected (E or S = V||_). 

7. Addresses valid prior to or coincident with E or S going low. 


READ CYCLE 1 (See Note 6 Above) 



^ tAVQV ► 


A (ADDRESS) ^ 

( ) 

C 


^ tAXOX ► 


1 


Q (DATA OUT) 

PREVIOUS DATA VALID ^ 

(mxx) 

^ DATA VALID 


^ tAVAV H 



READ CYCLE 2 (See Note 7 Above) 
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MCIVI62e8«MCM6269 


WRITE CYCLE 1 (W Controlled, See Note 1) 


Parameter 

Symbol 

MCM6268P2S 

MCM6269P25 

MCM6268P36 

MCM6269P36 

MCM6268P46 

MCM6268P56 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 



- 


- 

40 

- 

KM 

_ 

H2II 

2 

Address Setup Time 

tAVWL 

.AS 

0 

- 

0 

- 

0 

- 

0 

- 

IQII 


Address Valid to End of Write 

tAVWH 


HOI 

- 


- 

mm 

- 

mm 

- 

HOI 


Write Pulse Width 

tWLWH 



- 


- 

mm 

- 

mm 

- 

mm 


Data Valid to End of Write 

tDVWH 

tDW 

10 

- 

mm 

- 

mm 

- 


- 

mm 


Data Hold Time 


tDH 

0 

- 

0 

- 

0 

- 

0 

- 

mm 


Write Low to Output High-Z 

tWLQZ 

twz 

0 

mm 

0 

15 

0 


0 


■a 



tWHQX 

tow 

5 

- 

5 

- 

5 

- 

5 

- 

■a 

EQSi 

Write Recovery Time 

tWHAX 

tWR 

0 

- 

0 

- 

0 

- 

0 

- 




NOTES: _ _ 

1 . A write occurs during the overlap of 1 or S low and W low. 

2. All write cycle timing is referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±500 mV from steady-state voltage with load in Figure IB. 

4. Parameter is sampled and not 100% tested. 

5. At any given voltage and temperature, tyvLQZ fWHQX ^ given device and from device to device. 



A (ADDRESS) j 

^ tftVAV » 

( : 

;r — 


^ tAVWH ► 

^ ^ 

tWHAX 

(MCM6268) E (CHIP ENABLE) 

(MCM6269) S (CHIP SELECT) 

i 

^ 


L/ 


^ twLWH ► 

7 



m 



iHI 

- tWHDX 



mmi 

mmm 

HI 

tWLQZ -\ 


1 

HIGH-Z 

1 


IGH-Z A7 


.^WV\— 


\A 



\A/\A} 


T-tWHQX 


AC TEST LOADS 




Figure 1A Figure IB 


TIMING LIMITS 

The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are specified 
from the external system poinY of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the device point of view. 
Thus, the access time is shown as a 
maximum since the device never provides 
data later than that time. 
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MCM6268«MCM6269 


WRITE CYCLE 2 (E, S Controlled; See Note 1) 


Parameter 

Symbol 

MCM6268P2S 

MCM6269P25 

MCM6268P36 

MCM62G9P35 

MCM6268P46 

MCM6268P56 



Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 


tAVAV 

twc 


- 

wm 

- 

40 

- 


- 

imi 

Bi 




0 

■ 

0 

- 

0 

- 

0 

- ' 

g 


Address Valid to End of Write 

tAVEH^ 

tAVSH 

tAW 

20 

-■ 

30 

- 

35 

- 

45 

- 






B9 


30 

- 

IB 

- 

mm 

- 

IIQl 

mm 





- 

K3i 

-■ 





Idi 

mm 

Enable to End of Write (MCM6268) 




- 

IQI 

- 


- 


- . 

1311 


Select to End of Write (MCM6269) 

tSLWH 

tew 

20 

- 


- 





■a 


Write Pulse Width 

tWLEH. 

fWLSH 

twp 

20 

- 

25 



- 

30 

- 

Q 


Data Valid to End of Write 

tDVEH» 

tDVSH 

tDW 

10 

- 

15 

- 


- 


- 



Data Hold Time 

tEHDX» 

tSHDX 

tDH 

0 

- 

0 

- 

0 

- . 

0 

- 

ns 


Write Recovery Time 

tEHAX. 

tSHAX 

tWR 

0 

- 

0 

- 

0 

- 

0 

- 

ns 




NOTES: _ _ 

1 . A write occurs during the overlap of E or ? low and W low. 

2. All write cycle timing is referenced from the last valid address to the first transitioning address. 

3. If 1 or S goes low coincident with or after W goes low, the output will remain in a high impedance condition. 

4. If 1 or S goes high coincident with or before W goes high, the output will remain in a high impedance condition. 



Q (DATA OUT) • 


HIGH-Z 


ORDERING INFORMATION 
(Order by Full Part Number) 


Speed (25 = 25 ns, 35 = 35 ns, 
45 = 45 ns, 55 = 55 ns) 


Package (P = Plastic DIP) 

Full Part Numbers- MCM6268P25 MCM6268P35 

MCM6268P45 MCM6268P55 

MCM6269P25 MCM6269P35 


Motorola Memory Prefix - 
Part Number 


MCM 6268 or 6269 P XX 

L 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MCM6268-20 


Advance Information 

4K X 4 Bit Static Random Access 
Memory 

The MCM6268-20 is a 16,384-bit static random access memory organized as 4096 words 
of 4 bits, fabricated using Motorola's high-performance silicon-gate CMOS technology. 
Static design eliminates the need for external clocks or timing strobes, while CMOS circui- 
try reduces power consumption and provides greater reliability. Fast access time makes 
this device suitable for cache and other sub-25 ns applications. 

The chip enable IE) function is not a clock. In less than a cycle time after 1 goes high, 
the part enters a low-power standby mode, remaining in that state until E goes low again. 
This device also incorporates internal power down circuitry that will reduce active current 
for less than 100% duty cycle applications. These features provide reduced system power 
requirements without degrading access time performance. 

The MCM6268-20 is available in a 20 lead plastic dual-in-line package and features the 
standard JEDEC pinout. 

• Single 5 V Supply, ± 10% 

• 4K X 4 Bit Organization 

• Fully Static— No Clock or Timing Strobes Necessary 

• Three State Output 

• Fully TTL Compatible 

• Fast Access Time (Maximum) 

Address Chip Enable 
MCM6268P20 20 ns 20 ns 

• Low Power Operation: 110 mA Maximum, Active AC 


BLOCK DIAGRAM 




PIN ASSIGNMENT 


A4l 

1 e 

20 

A5[ 

2 

19 

A6[ 

3 

18 

A7l 

4 

17 

A8[ 

5 

16 

A9[ 

6 

15 

A10[ 

7 

14 

A11[ 

8 

13 

IE 

9 

12 

Vsst 

10 

11 


Ivcc 

]A3 


1 PIN NAMES 1 

A0-A11. . 


W 


1 


DQ0-DQ3 


vcc • • 


vss • • • 



This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM6268-20 


TRUTH TABLE 


E 

W 

Mode 

Vcc Current 

I/O Pin 

Cycle 

H 

X 

Not Selected 

ISB1, ISB2 

High-Z 

- 

L 

H 

Read 

'cc 

□out 

Read Cycle 

L 

L 

Write 

•cc 

Din 

Write Cycle 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Voltage Relative to Vss for Any 

Pin Except Vcc 

Vin. Vout 

-0.5 to Vcc +0.5 

V 

Output Current (per I/O) 

•out 

±20 

mA 

Power Dissipation (Ta=25°C) 

Pd 

1.0 

W 

Temperature Under Bias 

Tbias 

-10 to +85 

°C 

Operating Temperature 

Ta 

0 to +70 

°C 

Storage Temperature 

Tsta 

-55 to +125 

°C 


NOTE: Permanent device damage may occur If ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, Ta = 0 to 70®C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

IIIQJu&l 

Min 

BEEI 

Max 


Supply Voltage (Operating Voltage Range) 


4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.0 

- 

Vcc +0.3 

V 

Input Low Voltage 

V|L 

-0.5* 

- 

6.8 

V 


*ViL (mln)= -0.5 V dc; V|l {min)= -3.0 V ac (pulse width ^20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vin=0 to Vcc) 

<lka(l) 

- 

±1.0 

nA 

Output Leakage Current (E=V|h, Vout=0 to Vcc) 

)|ka(0) 

- 

±1.0 

yA 

AC Supply Current (lout=0 mA) 

•cc 

' - 

110 

mA 

TTL Standby Current (E = V|h, No Restrictions on Other Inputs) 

•SBI 

- ' ’ 

20 

mA 

CMOS Standby Current (la: Vcc “0.2 V, No Restrictions on Other Inputs) 

ISB2 

- 

15 


Output Low Voltage (Iql^S.O mA) 

VOL 

- 

0.4 

V 

Output High Voltage (loH= ~ 4-0 mA) 

VOH 

mm 

- 

V 


CAPACITANCE (f = 1.0 MHz, dV=3.0 V, Ta= 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

Input Capacitance 

All Inputs Except 1 


- 


6 



E 


- 


7 


I/O Capacitance | 


- 

5 

7 

PF 
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MCM6268-20 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5 V ±10%, Ta = 0 to +70°C, Unless Otherwise Noted) 

Input Reference Level 
Input Pulse Levels . . 

Input Rise/Fall Time . 


READ CYCLE (See Note 1) 


Parameter 

Symbol 

MCM6268P20 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Read Cycle Time 

UVAV 

tRC 

20 

- 

ns 

2 

Address Access Time 

tAVQV 

tAA 

- 

20 

ns 


Enable Access Time 


tACS 

- 

20 

ns 


Output Hold from Address Change 

tAXQX 

tOH 

4 

- 

ns 


Enable Low to Output Active 

tELQX 

tLZ 

4 

- 

ns 

KEm 

Enable High to Output High-Z 

tEHQZ 

tHZ 

0 

8 

ns 

3,4,5 

Power Up Time 

tELiCCH 

tpu 

0 

- 

ns 


Power Down Time 

tEHICCL 

tPD 

- 

20 

ns 



NOTK: 

1 . W is high for read cycle. 

2. All read cycle timing is referenced from the last valid address to the first transitioning address. 

3. At any given voltage and temperature, tE|^Q2 ^ELQX ^ given device and from device to device. 

4. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. 

5. This parameter is sampled and not 100% tested. 

6. Device is continuously selected (E=V|l). 

7. Addresses valid prior to or coincident with 1 going low. 


. . . 1.5 V 
.0to3.0 V 
.... 5 ns 


Output Reference Level 1.5 V 

Output Load Figure 1A Unless Othen^/ise Noted 



READ CYCLE 1 (See Note 6 Above) 


A (ADDRESS) 


Q (DATA OUT) 


) 

tAVQV ► 

( ■■■ ) 

( 


^ tAXQX ► 


1 



PREVIOUS DATA VALID ^ 

kxxxx) 

t DATA VALID 


tAVAV 

1 


A (ADDRESS) 


1 


E (CHIP ENABLE) 


Q (DATA OUT) • 


READ CYCLE 2 (See Note 7 Above) 
tAVAV 


Vcc 

•cc 

SUPPLY 


CURRENT 

'SB 


)CZ 


< tELQV ► 



; 

1 

/ 

^ItELQX-*- 




^ DATA VALID 






‘AVUV n 

1 _ 


^EHQZ 




tELICCH — ^ 


tEHICCL 

. n, 7 

V 
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MCM6268-20 


WRITE CYCLE 1 (W Controlled, See Note 1) 


Parameter 

Symbol 

MCM6268P20 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Write Cycle Time 



20 

- 

ns 

2 

Address Setup Time 

fAVWL 

tAS 

0 

- , 

ns 


Address Valid to End of Write 

tAVWH 

tAW 

15 

- 

ns 


Write Pulse Width 

tWLWH 

twp 

15 

- 

ns 


Data Valid to End of Write 

tDVWH 

tDW 

10 

- 

ns 


Data Hold Time 

tWHDX 

tDH 

0 

- 

IQH 


Write Low to Output High-Z 




8 

HQH 

KSSi 

Write High to Output Active 



4 

- 

ns 

K&yi 

Write Recovery Time 

tWHAX 

tWR 

0 

- 

ns 



NOTES: _ _ 

1 . A write occurs during the overlap of E low and W low. 

2. All write cycle timing is referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±500 mV from steady-state voltage with load in Figure IB. 

4. Parameter is sampled and not 100% tested. 

5. At any given voltage and temperature, tyvLOZ ^HQX ^ given device and from device to device. 



AC 



Figure 1A 


LOADS 



Figure IB 


TIMING LIMITS 

The table of timing values shows either 
a minimum or a maximum limit for each 
parameter, input requirements are specified 
from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the device point of view. 
Thus, the access time is shown as a 
maximum since the device never provides 
data later than that time. 
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MCM6268-20 


WRITE CYCLE 2 (E Controlled; See Note 1) 


Parameter 

Symbol 

MCM6268P20 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Write Cycle Time 

^AVAV 

twc 

20 

- 

ns 

2 

Address Setup Time 


tAS 

0 

- 

ns 


Address Valid to End of Write 



15 

- 



Enable to End of Write 



15 

- 

ns 

3,4 

Enable to End of Write 

tELWH 

tew 

15 

- 

ns 


Write Pulse Width 


tWP 

15 

- 

HSli 


Data Valid to End of Write 



10 

- 

IB9I 


Data Hold Time 


tDH 

0 

- 

ns 


Write Recovery Time 

tEHAX 

tWR 

0 

- 

ns 



NOTES: 


1 . A write occurs during the overlap of E low and W low. 

2. All write cycle timing is referenced from the last valid address to the first transitioning address. 

3. If E goes low coincident with or after W goes low, the output will remain in a high impedance condition. 

4. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition. 



Q (DATA OUT) < 


Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 6268 P XX 


L 


Full Part Numbers- MCM6268P20 


Speed (20=20 ns) 
Package (P = Plastic DIP) 
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MOTOROLA 

■i SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 

4Kx4 Bit Static RAM 



The MCM6270 is a 16,384-bit static random access memory organized as 4096 words of 
4 bits, fabricated using Motorola's high-performance silicon-gate CMOS technology. 

Static design eliminates the need for external clocks or timing strobes, while CMOS cir- 
cuitry reduces power consumption for greater reliability. 

The MCM6270 is equipped with both chip enable (E) and output enable (G) inputs, 
allowing for greater system flexibility. Either input, when high, will force the outputs to 
high impedance. 

• Single 5 V Supply, ± 10% 

• Fully Static— No Clock or Timing Strobes Necessary 

• Three-State Outputs 

• Fully TTL Compatible 

• Fast Access Time (Maximum): 

Address Chip Enable Output Enable 
MCM6270-20 20 ns 20 ns 10 ns 

MCM6270-25 25 ns 25 ns 12 ns 

MCM6270-35 35 ns 35 ns 14 ns 

• Low Power Operation: 110 mA Maximum, Active AC 

• Output Enable (G) Feature for Increased System Flexibility and to Eliminate Bus 

Contention Problems 


BLOCK DIAGRAM 



PIN NAMES 1 

A0-A11 . . 

. . . . Address Input 

E . . . 


DQ0-DQ3 

. Data Input/Output 

Vcc • 

. + 5 V Power Supply 

W 

. . . . Write Enable 

vss • 


G 

. . . Output Enable 

NC . . , 



MCM6270 


PACKAGE 
PLASTIC 
CASE 736A 



J PACKAGE 
300 MIL SOJ 
CASE 810A 


PIN ASSIGNMENT 


DUAL-IN-LINE 


A4[ 

1 • 

22 

]vcc 

A5[ 

2 

21 

]A3 

A6[ 

3 

20 

]A2 

A7[ 

4 

19 

JAI 

A8l 

5 

18 

lAO 

A9[ 

6 

17 

]NC 

AlOl 

7 

16 

]DQ0 

A11[ 

8 

15 

]DQ1 

El 

9 

14 

]DQ2 

G[ 

10 

13 

]DQ3 

VssI 

11 

12 

iw 

SMALL OUTLINE 

A4[ 

1 • 

24 

Ivcc 

A5[ 

2 

23 

1A3 

A6[ 

3 

22 

]A2 

A7[ 

4 

21 

]A1 

A8[ 

S 

20 

]A0 

NC[ 

8 

19 

]NC 

A9C 

7 

18 

]NC 

AlOC 

8 

17 


A11[ 

9 

16 


E[ 

10 

15 


l5[ 

11 

14 


VssI 

12 

13 

pw 


This document contains information on a' new product. Specifications and information herein are subject to change without notice. 
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MCM6270 


TRUTH TABLE 


E 

G 

W 

Mode 

Vcc Current 

I/O Pin 

Cycle 

H 

X 

X 

Not Selected 

■SB 

High-Z 

_ 

L 

H 

H 

Read 

ICCA 

High-Z 

- 

L 

L 

H 

Read 

•CCA 

Dout 

Read Cycle 

L 

X 

L 

Write 

•CCA 

Din 

Write Cycle 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage (Vcc) 

Vcc 

-0.5 to +7.0 

V 

Voltage Relative to Vss Any 

Pin Except Vcc 

Vin. Vout 

-0.5 to Vcc + 0-5 

V 

Output Current (per I/O) 

•out 

±20 

mA 

Power Dissipation (-»-25°C) 

pd 

1.0 

W 

Temperature Under Bias 

Tbias 

-10 to +85 

‘’C 

Operating Temperature 

Ta 

Oto +70 

°C 

Storage Temperature 

litfl 

-55 to +125 

^C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta= 0 to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 


2.0 

- 

Vcc + 0.3 

V 

Input Low Voltage 


-0.5* 

- 

0.8 

V 


*V(L (mln)= -0.5 V dc; V|l (min) = -3.0 V ac (pulse width <20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 



- 

±1.0 

mA 

Output Leakage Current (E = V|h or?3 = V|H or W = V|l, Voyt^'O to Vcc) 

•ika(O) 

- 

±1.0 

/*A 

AC Supply Current dout-O mA) 

•CCA 

- 

110 

mA 

TTL Standby Current (E = V|H/ No Restrictions on Other Inputs) 

■SBI 

- 

20 

mA 

CMOS Standby Current (E^Vcc~0.2 V, No Restrictions on Other Inputs) 

ISB2 


15 


Output Low Voltage (loL = 0.0 mA) 

VOL 


0.4 

V 

Output High Voltage (Iqh = ~4.0 mA) 

VOH 

2.4 

- 

V 


CAPACITANCE (f=1.0 MHz, dV=3.0 V, Ta= 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic | 

Symbol 

Typ 

Max 


Input Capacitance 

All inputs Except E 

Cin 

4 

6 



1 


5 

7 


I/O Capacitance 

DO 


5 

7 

PF 
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MCM6270 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc=5 V ±10%, Ta= 0 to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pul^ Levels 0 to 3.0 V Output Load Figure 1A Unless Otherwise Noted 

Input Rise/Fall Time 5 ns 


READ CYCLE (See Note 1) 


Parameter 

Symbol 






Standard 


IdQI 

12229 

1219 

1109 


I222S9II 

Read Cycle Time 

tAVAV 






1991 


■a 

2 

Address Access Time 

tAVOV 

tAA 

- 

MM! 

- 

B 

- 

B 



Chip Enable Access Time 

tELQV 

tACS 

- 

^911 

- 

B 

- 

B 

^E9I 


Output Enable Access Time 

tQLQV 

tOE 

- 

■a 

- 

B 

- 

B 

1911 



tAXQX 

tOH 

4 

- 

5 

- 

5 

- 

IS9i 


Chip Enable Low to Output Active 

tELQX 

tLZ 

4 

- 

B 

- 

B 

- 

921^1 

BSI 

Chip Enable High to Output High-Z 

tEHQZ 

tHZ 

0 

8 

0 

B 

0 

B 

9SS9 


Output Enable Low to Output Active 

tQLQX 

tLZ 

0 

- 

0 


0 


lESI 

its 



tHZ 

0 

8 

0 

B 

0 

B 

BSI 


Power Up Time 

tELICCH 

tpu 

0 

- 

0 


0 


B^l 


Power Down Time 

tEHICCL 

tPD 

- 


- ' 


- 


991 




NOTES: 1. W is high for road cycle. 

2. All read cycle timing is referenced from the last valid address to the first transitioning address. 

3. At any given voltage and temperature, tgnoz 's less than tgLOX ^nd tGHOZ '® I®®® ^GLQX ® 9'''®'^ 

device and from device to device. 

4. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. 

5. This parameter is sampled and not 100% tested. 

6. Device is continuously selected (E=V|i_, €=V||_). 

7. Addresses valid prior to or coincident with E going low. 


READ CYCLE 1 (See Note 6 Above) 



^ tAVAV ► 

1 ■ 

A (ADDRESS) ^ 

( __ J 

( 


tAXQX 

1 

Q (DAtA DUT) PREVIOUS DATA VALID ^ 



tAVOV H 

READ CYCLE 2 (See Note 7 Above) 
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MCM6270 


WRITE CYCLE 1 (W Controlled, See Notes 1 and 2) 


Parameter 

Symbol 

MCM6270-20 

MCM6270-25 

MCM6270-36 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

twc 

20 

- 

25 

- 

35 

- 

ns 

3 

Address Setup Time 

tAVWL 

tAS 

0 

- 

0 

- 

0 

- ' 



Address Valid to End of Write 

tAVWH 


mm 

- 


- 


- 



Write Pulse Width 

tWLWH 


mm 

- 

noil 

- 

IB 

- 



Data Valid to End of Write 

tDVWH 

H!!^H 

mm 

- 

mm 

- 

■9 

- 



Data Hold Time 


HB99H 

0 

- 

■1 

- 

0 

- 



Write Low to Output High-Z 

tWLQZ 

twz 

0 

8 


mm 

0 

mm 


ESS 

Write High to Output Active 

tWHQX 

tow 

4 

- 

5 

- 

5 

- 


ESI 

Write Recovery Time 

tWHAX 


0 

- 

0 

- 


- 




NOTES: _ _ 

1 . A write occurs during the overlap of E low and W low. 

2. If G goes low coincident with or after W goes low, the output will remain in a high impedance state. 

3. All write cycle timing is referenced from the last valid address to the first transitioning address. 

4. Transition is measured ±5CX) mV from steady-state voltage with load in Figure IB. 

5. Parameter is sampled and not 100% tested. 

6. At any given voltage and temperature, tWLQz max, is less than tyyHOX 3 given device and from device to device. 



M tAVAV ^ 

( __ " " ! 

( 


tAVWH ► 


- IWHAX 

E (CHIP ENABLE) 

^ 



1 

twLWH ► 



m 


1 

■Ml 

- tWHDX 




mmm 



ri 






AC TEST LOADS 



+ 5 V 


48G 


30 pF 
(INCLUDING 
SCOPE AND JIG) 



5 V 


5 pF 

(INCLUDING 
SCOPE AND JIG) 
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MCM6270 


WRITE CYCLE 2 (E Controlled; See Notes 1 and 2) 


Parameter 

Symbol 

MCM6270-20 





Standard 


IBM 





KM 

Write Cycle Time 

tAVAV 

twc 


- 


- 

KM 

- 

s 

3 

Address Setup Time 

tAVEL 

■BRH 

0 

- 

0 

- 

0 

- 



Address Vaiid to End of Write 

tAVEH 


mm 

- 


- 


- 



Chip Enable to End of Write 

tELEH 


mm 

- 


- 

KM 

- 

g 

mm 

Chip Enable to End of Write 

tELWH 


■a 

- 

IEOH 

- 

1^1 

- 


mm 

Write Pulse Width 



■a 

- 


- 


- 

IIQI 


Data Valid to End of Write 

tDVEH 


■a 

- 

■a 

- 

■a 

- 

inmm 


Data Hold Time 

tEHDX 


0 

- 


- 





Write Recovery Time 

tEHAX 


0 

- 

0 

- 


- 




NOTES: _ _ 

1 . A write occurs during the overlap of E low and W low. 

2. If (a goes low coincident with or after W goes low, the output will remain in a high impedance state. 

3. All write cycle timing is referenced from the last valid address to the first transitioning address. 

4. If t goes low coincident with or after Wjoes low, the output will remain in a high impedance condition. 

5. If 1 goes high coincident with or before W goes high, the output will remain in a high impedance condition. 



tAVAV ► 


A (ADDRESS) ^ 

( ) 

( 


_ _ 




^ ; 

E (CHIP ENABLE) 

"S 



' — ^AVEL ► 

m tELEH ^ 

' 1 

tELWH ^ 

— T— ‘tHAX 

W (WRITE ENABLE) 



- tWLEH 

Z 

1^ tgvEH — H 


^ tEHDX 

— X>00(XXX)0(XXXXXXXXXXXp^^ 

poxxx^ 




HIGH-Z 

Q (DATA OUT) ' " ' ' ' 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 

Motorola Memory Prefix — ^ 


6270 X XX XX 

~r T T X 


Shipping Method (R2=Tape & Reel, Blank = Rails) 


Part Number 


Speed (20=20 ns, 25 = 25 ns, 35 = 35 ns) 


Full Part Numbers- MCM6270P20 
MCM6270J20 
MCM6270J20R2 


Package (P = Plastic DIP, J = Plastic SOJ) 


MCM6270P25 

MCM6270J25 

MCM6270J25R2 


MCM6270P35 

MCM6270J35 

MCM6270J35R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 

64K X 1 Bit Static Random Access 
Memory 

The MCM6287 is a 65,536 bit static random access memory organized as 65,536 words 
of 1 bit, fabricated using Motorola's high-performance silicon-gate CMOS technology. 
Static design eliminates the need for external clocks or timing strobes, while CMOS circui- 
try reduces power consumption for greater reliability. 

The chip enable (E) pin is not a clock. In less than a cycle time after 1 goes high, the 
part enters a low-power standby mode, remaining in that state until E goes low again. 

This device also incorporates internal power down circuitry that will reduce active current 
for less than 100% duty cycle applications. These features provide reduced system power 
requirements without degrading access time performance. 

The MCM6287 is available in a 300 mil, 22 lead plastic DIP and a 24 lead, 300 mil, sur- 
face-mount SOJ package. Both feature JEDEC standard pinout. 

• Single 5 V ± 10% Power Supply 

• Fast Access Time: 25/35 ns 

• Equal Address and Chip Enable Access Time 

• Low Power Operation: 120/110 mA Maximum, Active AC 

• High Board Density SOJ Available 

• Three State Data Output 

• Fully TTL Compatible 


BLOCK DIAGRAM 



MCM6287 



J PACiCAGE 
300 MIL SOJ 
CASE S1®A 


PIN ASSIGNMENT 

DUAL-IN-LINE 

AOC 

1 • 

22 

]vcc 

Al[ 

2 

21 

]A15 

A2[ 

3 

20 

]A14 

A3[ 

4 

19 

]A13 

Mt 

5 

18 

]A12 

A5[i 

6 

17 

]A11 

A6E 

7 

16 

]A10 

A7[ 

8 

15 

]A9 

Ql 

9 

14 

]A8 

wl 

10 

13 

]D 

vssl 

11 

12 

]E 

SMALL OUTLINE 

aoE 

1 • 

24 

Ivcc 

aiE 

2 

23 

]A15 

A2E 

3 

22 

]A14 

A3E 

4 

21 

]A13 

A4E 

5 

20 

]A12 

asE 

6 

19 

]nc 

ncE 

7 

18 

]A11 

A6E 

8 

17 

]aio 

A7E 

9 

16 

]A9 

qE 

10 

15 

]A8 

wE 

11 

14 

Id 

VssJ 

12 

13 

]E 


PIN NAMES 1 

A0-A15. . 


W 


E 


D 

Data Input 

Q 


vcc • • • 

Power ( + 5 V) 

vss -- 


NC . . . . 

No Connection 
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MCM6287 


TRUTH TABLE 


E 

W 

Mode 

Vcc Current 

Output 

Cycle 

H 

X 

Not Selected 

iSB1, ISB2 

High-Z 

- 

L 

H 

Read 

ICCA 

Dout 

Read Cycle 

L 

L 

Write 

•CCA 

High-Z 

Write Cycle 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Voltage Relative to Vss for Any 

Pin Except Vcc 

Vin. Vout 

-0.5 to Vcc + 0-5 

V 

Output Current (per I/O) 

lout 

±20 

mA 

Power Dissipation (Ta = 25®C) 

Pd 

1.0 

W 

Temperature Under Bias 

Tbias 

-10 to +85 

°C 

Operating Temperature 

Ta 

Oto +70 

°C 

Storage Temperature— Plastic 

Ceramic 

Tstg 

-55 to +125 
-65 to + 150 

°C 


NOTE: Per. nanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.0 

- 

Vcc + 0.3 

V 

Input Low Voltage 

V|L 

-0.5* 

- 

0.8 

V 


*V|L (min)= -0.5 V dc; V|l (min)= -3.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj^ = 0 to Vcc) 

l|kg(l) 

- 

±1.0 

mA 

Output Leakage Current (E = V|h, Vout = 0 to Vcc) 

l|kg(0) 

- 

±1.0 

mA 

AC Supply Current (lout = 0 mA) MCM6287-25: tAVAV=25 ns 

MCM6287-35: tAVAV~35 ns 

•cCA 

- 

120 

mA 

ICCA 

- 

110 

TTL Standby Current (E = V|h, No Restrictions on Other Inputs) 

ISBI 

- 

20 

mA 

CMOS Standby Current (E>VcC“0.2 V, No Restrictions on Other Inpute) 

ISB2 

- 

15 

mA 

Output Low Voltage (Iql = 8-0 mA) 

VOL 

- 

0.4 

V 

Output High Voltage (Iqh - ~4.0 mA) 

VOH 

2.4 

- 

V 


CAPACITANCE (f=1.0 MHz, dV=3.0 V, Ta= 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic | 

Symbol 

Typ 

Max 

Unit 

Input Capacitance 

All Inputs Except E 

Cin 

4 

6 

PF 


E 


5 

7 


Output Capacitance j 

Cout 

5 

7 

PF 
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MCM6287 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5 V ±10%, TA = 0to ±70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V 

Input Rise/ Fall Time 5 ns 


Output Timing Measurement Reference Level 1.5 V 

Output Load Figure 1A Unless Otherwise Noted 


READ CYCLE (See Note 1) 


Parameter 

Symbol 

MCM6287-25 

MCM6287-35 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Read Cycle Time 

tAVAV 

tRC 

25 

- 

35 

- 

ns 

2 

Address Access Time 

tAVQV 

tAA 

- 

25 

- 

35 

ns* 



tELQV 

tACS 

- 

25 

- 

35 

ns 

3 

Output Hold from Address Change 

tAXQX 

tOH 

5 

- 

5 

- 



Enable Low to Output Active 

tELQX 

tLZ 

5 

- 

5 

- 


Kin 

Enable High to Output High-Z 

tEHOZ 

tHZ 

0 

15 

0 

15 

ns 

4,5,6 

Power Up Time 

tELICCH 

tpu 

0 

- 

0 

- 

ns 


Power Down Time 

tEHICCL 

tPD 

- 

25 

- 

30 

ns 



NOTE^: 

1 . W is high for read cycle. 

2. All read cycle timing is referenced from the last valid address to the first transitioning address. 

3. Addresses valid prior to or coincident with E going low. 

4. At any given voltage and temperature, tEHOZ is less than tfLQx min, both for a given device and from device to device. 

5. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. 

6. This parameter is sampled and not 1(X)% tested. 

7. Device is continuously selected (E = V|l). 


READ CYCLE 1 (See Note 7 Above) 



^ tAVAV ► 


A (ADDRESS) ^ 

. _ D 

( 


◄ tAXQX ► 



Q (DATA OUT) 

PREVIOUS DATA VALID ^ 

(mxx) 

^ DATA VALID 


tAVQV ► 



READ CYCLE 2 (See Note 3 Above) 
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MCM6287 


WRITE CYCLE 1 (W Controlled, See Note 1) 


Parameter 

Symbol 

MCM6287-25 

MCM6287-35 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

yyrite Cycle Time 

tAVAV 

twc 

25 

- 

35 

- 

ns 

2 

Address Setup Time 

tAVWL 

tAS 

0 

- 

0 

- 

IIQII 


Address Valid to End of Write 

tAVWH 

tAW 

20 

- 

25 

- 



Write Pulse Width 

tWLWH 

twp 

20 

- 

20 

- 



Data Valid to End of Write 

tDVWH 

tDW 

15 

- 

15 

- 

IQIII 


Data Hold Time 

tWHDX 

tDH 

0 

- 

0 

- 



Write Low to Output HIgh-Z 

fWLQZ 

twz 

0 


0 

15 

IE9i 

wm 

Write High to Output Active 

tWHQX 

tow 

5 

- 

5 

- 

ns 

3,4 

Write Recovery Time 

tWHAX 

tWR 

0 

- 

0 

- 

ns 



NOTES: _ _ 

1 . A write occurs during the overlap of E low and W low. 

2. All write cycle timing is referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±500 mV from steady-state voltage with load in Figure IB. 

4. Parameter is sampled and not 100% tested. 


A (ADDRESS) ^ 

M tAVAV *■ 

( □ 



^ tAVWH ► 


““ tyvHAX 

E (CHIP ENABLE) 





•* 'mwH ► 


W (WRITE ENABLE) 

S 

^ tAVWL ► 

^ 7 

H tovWH ► 


- tWHDX 

—XXXXXXX) 

\X XX 3 C 


:xxxxxx 

tWLQZ - 

HIGH-Z 

\7\A highz 


■/WW— 

U lUAlA UUI) \/\/\A</ 


T- twHQX 


AC TEST LOADS 




Figure 1A Figure IB 


TIMING LIMITS 

The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are specified 
from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the device point of view. 
Thus, the access time is shown as a 
maximum since the device never provides 
data later than that time. 
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MCM6287 


WRITE CYCLE 2 (E Controlled, See Note 1) 


Parameter 

Symbol 

MCM6287-25 

MCM6287-35 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

twc 

25 

- 

35 

- 

ns 

2 

Address Setup Time 

tAVEL 

tAS 

0 

- 

0 

- 

ns 


Address Valid to End of Write 

tAVEH 

tAW 

20 

- 

25 

- 

ns 


Enable to End of Write 

tELEH 

tew 

20 

- 

25 

- 

ns 

3,4 

Enable to End of Write 

tELWH 

tew 

20 

- 

25 

- 

ns 


Write Pulse Width 

tWLEH 

twp 

20 

- 

20 

- 

ns 


Data Valid to End of Write 

tDVEH 

tDW 

15 

- 

15 

- 

ns 


Data Hold Time 

tEHDX 

tDH 

0 

- 

0 

- 

ns 


Write Recovery Time 

tEHAX 

tWR 

0 

- 

0 

- 

ns 



NOTES: _ _ 

1 . A write occurs during the overlap of E low and W low. 

2. All write cycle timing is referenced from the last valid address to the first transitioning address. 

3. If E goes low coincident with or after W goes low, the output will remain in a high impedance condition. 

4. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition. 



HIGH-Z 

Q (DATA OUT) 
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MCM6287 


TYPICAL CHARACTERISTICS 



Figure 2. Relative Power versus Cycle Time 



Figure 4. Active Supply Current versus Temperature 



Figure 6. Standby Supply Current versus Temperature 



Vjn, CHIP ENABLE INPUT VOLTAGE (VOLTS) 

Figure 3. Active Supply Current versus Chip Enable 
Input Voltage 



Figure 5. Active Supply Current versus Supply Voltage 



Figure 7. Standby Supply Current versus Supply 
Voltage 
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MCM6287 


TYPICAL CHARACTERISTICS (Continued) 




Figure 8. Address and Enable Access Times versus 
Temperature 


Figure 9. Address and Enable Access Times versus 
Supply Voltage 





Figure 10. Data Setup Time versus Temperature Figure 11. Data Setup Time versus Supply Voltage 




Figure 12. Output Sink Current versus Output Voltage Figure 13. Output Source Current versus Output 

Voltage 
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MCM6287 



ORDERING INFORMATION 
(Order by Full Part Number) 



Full Part Numbers- MCM6287P25 MCM6287P35 

MCM6287J25 MCM6287J35 

MCM6287J25R2 MCM6287J35R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Advance Information 

64K X 1 Bit Static Random Access 
Memory 

The MCM6287-15/MCM6287-20 is a 65,536 bit static random access memory organized 
as 65,536 words of 1 bit, fabricated using Motorola's high-performance silicon-gate CMOS 
technology. Static design eliminates the need for external clocks or timing strobes, while 
CMOS circuitry reduces power consumption for greater reliability. 

The chip enable (E) pin is not a clock. In less than a cycle time after E goes high, the 
part enters a low-power standby mode, remaining in that state until E goes low again. 

This feature provides reduced system power requirements without degrading access time 
performance. 

The MCM6287-15/MCM6287-20 is available in a 300 mil, 22 lead plastic DIP or a 24 
lead, 300 mil, surface-mount SOJ package. All feature JEDEC standard pinout. 

• Single 5 V ± 10% Power Supply 

• Fast Access Time: 15/20 ns 

• Equal Address and Chip Enable Access Time 

• Low Power Operation: 140/130 mA Maximum, Active AC 

• High Board Density SOJ 

• Three State Data Output 

• Fully TTL Compatible 


BLOCK DIAGRAM 



PIN NAMES 


^A15 Address Input 

W Write Enable 

1 Chip Enable 

0 Data Input 

Q Data Output 

Vcc Power ( + 5 V) 

Vss Ground 

NC No Connection 


MCM6287-15 

MCM6287-20 



P PACKAGE 
PLASTIC 
CASE 736A 




J PACKAGE 
300 MIL SOJ 
CASE 810A 


PIN ASSIGNMENT 

DUAL-IN-LINE 

A0[ 

1 • 

22 

I Vcc 

All 

2 

21 

]A15 

A2[ 

3 

20 

]A14 

A3[ 

4 

19 

1a13 

A4[ 

5 

18 

]A12 

A5C 

6 

17 

]A11 

ABC 

7 

16 

]A10 

A7[ 

8 

15 

]A9 

Ql 

9 

14 

]A8 

W[ 

10 

13 

]D 

vssC 

11 

12 

11 

SMALL OUTLINE 

A0| 

1 • 

24 

IVcc 

All 

2 

23 

]A15 

A2C 

3 

22 

]A14 

A3[ 

4 

21 

]A13 

A4| 

5 

20 

]A12 

A5| 

6 

19 

]NC 

NC[ 

7 

18 

]A11 

A6[ 

8 

17 

]A10 

A7[ 

9 

16 

]A9 

Q[ 

10 

15 

]A8 

w[ 

11 

14 

]D 

VssI 

12 

13 

If 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM6287-15«MCM6287-20 


TRUTH TABLE 


E 

W 

Mode 

Vcc Current 

Output 

Cycle 

H 

X 

Not Selected 

ISB1, ISB2 

High-Z 

- 

L 

H 

Read 

•CCA 

Dout 

Read Cycle 

L 

L 

Write 

ICCA 

High-Z 

Write Cycle 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to -i-T.O 

V 

Voltage Relative to Vss for Any 

Pin Except Vcc 

V|n» Vout 

-0.5 to Vcc+0'5 

V 

Output Current (per I/O) 

lout 

±20 

mA 

Power Dissipation (Ta=25°C) 

pd 

1.0 

W 

Temperature Under Bias 

Tbias 

-lOto +85 


Operating Temperature 

Ta 

0 to +70 

°C 

Storage Temperature— Plastic 


-55 to +125 



NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
e)d:ended periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised thiat normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 

This CMOS memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the tables, after thermal equilib- 
rium has been established. The circuit is in 
a test socket or mounted on a printed circuit 
board and transverse air flow of at least 500 
linear feet per minute is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta = 0 to 70®C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 


Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 


5.5 

V 

Input High Voltage 

V|H 

2.0 

- 

Vcc + 0.3 

V 

Input Low Voltage 

V|L 

-0.5* 

- 

0.8 

V 


*ViL (min)= -0.5 V dc; V||_ (min)= -2.0 V ac (pulse width M ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Input Leakage Current (All Inputs, Vj^ =0 to Vqc) 

■ikad) 

- 

- 

±1.0 

mA 

Output Leakage Current (I=V|h, Vout=0 to Vcc) 

■ikg(O) 

- 

, - 

±1.0 


AC Supply Current dout^O mA) MCM6287-15: tAVAV = 15 ns 

MCM6287-20: tAVAV=20 ns 

'CCA 

- 

110 

140 


- 

100 

130 

TTL Standby Current (E=V|h, No Restrictions on Other Inputs) 

ISBI 

- 

30 

40 


CMOS Standby Current (l;^Vcc~0.2 V, No Restrictions on Other inputs) 

ISB2 

- 

20 

30 


Output Low Voltage (Iql^S.O mA) 

VOL 


-■ 

0.4 

V 

Output High Voltage (Iqh = ~4.0 mA) 

VOH 

2.4 

- 

- 

V 


CAPACITANCE (f=1.0 MHz, dV=3.0 V, Ta= 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic | 

Symbol 

Typ 

Max 


Input Capacitance 

Ait Inputs Except E 

C|n 

4 

6 

PF 


1 


5 

7 


Output Capacitance 


5 

7 

PF 
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MCM6287-15*MCM6287-20 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5 V ±10%, Ta = 0 to +70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load Figure 1A Unless Otherwise Noted 

Input Rise/Fall Time 5 ns 


READ CYCLE (See Note 1) 


Parameter 

Symbol 



Unit 

Notes 

Standard 



Max 

Min 

Max 

Read Cycle Time 

tAVAV 

tRC 

15 

- 

20 

- 

ns 

2 

Address Access Time 

tAVQV 

tAA 

- 

15 

- 

20 

— 


Enable Access Time 

tELQV 

tACS 

- 

15 

- 

20 

131 

3 

Output Hold from Address Change 

tAXQX 

tOH 

4 

- 

4 

- 

IQI 


Enable Low to Output Active 

tELQX 

tLZ 

4 

- 

4 

- 

131 

BBS 

Enable High to Output High-Z 

tEHQZ 

tHZ 

0 

6 

0 

8 

BBSi 








mi 

lyu 


Power Down Time 

tEHICCL 

tPD 


15 


20 

11111091 



NOTK: 

1 . W is high for read cycle. 

2. All read cycle timing is referenced from the last valid address to the first transitioning address. 

3. Addresses valid prior to or coincident with 1 going low. 

4. At any given voltage and temperature, t£HQZ fELQX for a given device and from device to device. 

5. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. 

6. This parameter is sampled and not 100% tested. 

7. Device is continuously selected (E = V|l). 


READ CYCLE 1 (See Note 7 Above) 



^ tAVAV ► 


A (ADDRESS) 

( J 

C 


tAXQX > 



Q (DATA DUT) 

PREVIQUS DATA VALID \ 

KXXXX) 

^ DATA VALID 


^ tAVQV ►! 



READ CYCLE 2 (See Note 3 Above) 
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MCM6287-15*MCM6287-20 


WRITE CYCLE 1 (W Controlled, See Note 1) 


Parameter 

Symbol 

MCM6287-15 




Standard 

Alternate 

Min 

Max 



Write Cycle Time 

tAVAV 

twc 

15 

- 

20 

- 

ns 

2 

Address Setup Time 

tAVWL 

tAS 

0 

- 

0 

- 

lESI 


Address Valid to End of Write 

tAVWH 

fAW 

12 

- 

15 

- 

111191 


Write Pulse Width 

tWLWH 


9 

- 

12 

- 



Data Valid to End of Write 



7 

- 

8 

- 

Id 


Data Hold Time 

tWHDX 

tDH 


- 

0 

- 

IIIIQIIII 


Write Low to Output HIgh-Z 



0 

5 

0 

7 


MUM 

Write High to Output Active 

fWHQX 

tow 

4 

- 

5 

- 

ns 

3,4 

Write Recovery Time 

tWHAX 

tWR 

0 


0 

- 

ns 



NOTES: _ __ 

1 . A write occurs during the overlap of E low and W low. 

2. All write cycle timing is referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±500 mV from steady-state voltage with load in Figure IB. 

4. Parameter is sampled and not 100% tested. 



^ tAVAV 

( : 

( “ 


^ tAVWH ^ 


IWHAX 

E (CHIP ENABLE) 

~\ 




twLWH ► 





1 

■Ml 

- tWHDX 




mmm 



JgS 

■HH 

ri 





U (UAIA UUI) 


1 




I- tWHQX 


AC TEST LOADS 



Figure 1A 



Figure IB 


TIMING LIMITS 

The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are specified 
from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the device point of view. 
Thus, the access time is shown as a 
maximum since the device never provides 
data later than that time. 
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MCM6287-15«MCM6287-20 


WRITE CYCLE 2 (E Controlled, See Note 1) 


Parameter 

Symbol 

MCM6287-15 

MCM6287-20 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

fwc 

15 

- 

20 

- 

ns 

2 

Address Setup Time 


tAS 

0 

- 

0 

- 

ns 


Address Valid to End of Write 

tAVEH 


12 

- 

15 

- 

ns 


Enable to End of Write 


tew 

9 

- 

12 

- 

ns 

3,4 

Enable to End of Write 

tELWH 


9 

- 

12 

- 

ns 


Write Pulse Width 

tWLEH 


9 

- 

12 

- 

ns 


Data Valid to End of Write 

tDVEH 

tDW 

7 

- 

8 

- 

ns 


Data Hold Time 

tEHDX 

tDH 

0 

- 

0 

- 

ns 


Write Recovery Time 

tEHAX 

tWR 

0 

- 

0 

- 

ns 



NOTES: _ _ 

1 . A write occurs during the overlap of E low and W low. 

2. All_write cycle timing is referenced from the last valid address to the first transitioning address. 

3. If E goes low coincident with or after W goes low, the output will remain in a high impedance condition. 

4. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition. 




HIGH-Z 

Q (DATA OUT) 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 6287 


Motorola Memory Prefix 


X XX 



Shipping Method (R2 = Tape & Reel, Blank = Rails) 


Part Number 


-Speed (15 = 15 ns, 20 = 20 ns) 


Package (P = Plastic DIP, J = Plastic SOJ) 


Full Part Numbers- MCM6287P15 
MCM6287J15 
MCM6287J15R2 


MCM6287P20 

MCM6287J20 

MCM6287J20R2 


MOTOROLA MEMORY DATA 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


16Kx4 Bit Static RAMs 

The MCM6288 and MCM6290 are 65,536 bit static random access memories organized 
as 16,384 words of 4 bits, fabricated using Motorola's high-performance silicon-gate CMOS 
technology. Static design eliminates the need for external clocks or timing strobes, while 
CMOS circuitry reduces power consumption for greater reliability. 

The chip enable (E) pin is not a clock. In less than a cycle time after E goes high, the 
part enters a low-power standby mode, remaining in that state until E goes low again. 
These devices also incorporate internal power down circuitry that will reduce active current 
for less than 100% duty cycle applications. These features reduce system power require- 
ments without degrading access time performance. 

The MCM6290 has both chip enable ( 1 ) and output enable (G) inputs, allowing greater 
system flexibility. Either input, when high, will force the outputs to high impedance. 

• Single 5 V ± 10% Power Supply 


• Fast Access Time (Maximum): 


MCM6290 

(xxs88or 90) 

Address 

Chip Enable 

Output Enable 

MCM62XX-25 

25 ns 

25 ns 

12 ns 

MCM62XX-30 

30 ns 

30 ns 

15 ns 

MCM62XX-35 

35 ns 

35 ns 

15 ns 

MCM62XX-46 

45 ns 

45 ns 

20 ns 


• Equal Address and Chip Enable Access Time 

• Output Enable (G) Feature for Increased System Flexibility and to Eliminate Bus 

Contention Problems (MCM6290) 

• Low Power Operation: 120/110/100 mA Maximum, Active AC 

• Fully TTL Compatible— Three-State Data Output 

BLOCK DIAGRAM 



PIN NAMES 1 

A0-A13 . . , 

. . Address Input 

1 . . . . 


DQ0-DQ3. , 

Data Input/Output 

NC . . . 

.... No Connection 

W 

. . . Write Enable 

vcc- ■ ■ 

. +5 V Power Supply 

Tj (MCM6290) 

. . Output Enable 

Vss- • • 



MCM6288 

MCM6290 


MCM6288 



P PACKAGE 
300 MIL PLASTIC 
CASE 724 


PIN ASSIGNMENT 


MCMS2B8 


A0[ 

1 • 

22 

]vcc 

All 

2 

21 

]A13 

A2[ 

3 

20 

]A12 

A3[ 

4 

19 

]A11 

A4[ 

5 

18 

]A10 

A5[ 

6 

17 

]A9 

A6[ 

7 

16 

]DQ0 

A7[ 

8 

15 

]DQ1 

A8[ 

9 

14 

]DQ2 

El 

10 

13 

]0Q3 

*ss[ 

11 

12 

iw 


MCM6290 


AOl 

1 • 

24 

Ivcc 

All 

2 

23 

]A13 

.A2l 

3 

22 

]A12 

A3l 

4 

21 

]A11 

A4l 

5 

20 

]A10 

A5l 

6 

19 

]A9 

A6l 

7 

18 

INC 

A7l 

8 

17 

]DQ0 

A8l 

9 

16 

]DQ1 

El 

10 

15 

1 002 

^l 

11 

14 

]0Q3 

Vssl 

12 

13 

]w 
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MCM6288«MCM6290 


MCM6288 TRUTH TABLE 


E 

W 

Mode 

Vcc Current 

Output 

Cycle 

H 

X 

Not Selected 

ISB1, (SB2 

High-Z 

- 

L 

H 

Read 

•CCA 

Dout 

Read Cycle 

L 

L 

Write 

•CCA 

High-Z 

Write Cycle 


MCM6290 TRUTH TABLE 


E 

G 

W 

Mode 

Vcc Current 

I/O Pin 

Cycle 

H 

X 

X 

Not Selected 

ISB 

High-Z 

- 

L 

H 

H 

Read 

•CCA 

High-Z 

— 

L 

L 

H 

Read 

«CCA 

□out 

Read Cycle 

L 

X 

L 

Write 

•CCA 

Din 

Write Cycle 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Voltage Relative to Vss for Any 

Pin Except Vcc 

Vin^ Vout 

-0.5 to Vcc +0.5 

V 

Output Current (per I/O) 

•out 

±20 

mA 

Power Dissipation (Ta=25°C) 

Pd 

1.0 

W 

Temperature Under Bias 

Tbias 

-10 to +85 

°C 

Operating Temperature 

Ta 

Oto +70 

°C 

Storage Temperature 

Istg 

-55 to +125 

®C 


NOTE: Permanent device damage may occur rf ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 


Max 


Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.0 

- 

Vcc + 0.3 

V 

Input Low Voltage 

VlL 

-0.5* 

- 

0.8 

V 


*V|L (min)= -0.5 V dc; V|l (min)= -3.0 V ac (pulse width < 20 ns) 

DC CHARACTERISTICS 


Parameter 

Symbol 


Max 


Input Leakage Current (All Inputs, Vjn = 0 to Vcc) 

•ikg(l) 

- 

±1.0 


Output Leakage Current (E = V|h, Vout = 0 to Vcc) 

•ika(O) 

- 

±1.0 


AC Supply Current (lout~0 mA) 1AVAV=25 ns 

tAVAV = 30ns 

tAVAV = 35ns 

tAVAV=45ns 

•cCA 

- 

120 


- 

120 

- 

110 


100 

TTL Standby Current (E = V|h, No Restrictions on Other Inputs) 

•SBI 

- 

20 

mA 

CMOS Standby Current (E> Vcc -0.2 V, No Restrictions on Other Inputs) 

>SB2 

- 

15 

mA 

Output Low Voltage (Iol = 8.0 mA) 

VoL 

- 

0.4 

V 

Output High Voltage (Iqh = "4.0 mA) 

VOH 

2.4 

- 

V 


CAPACITANCE (f=1.0 MHz. dV=3.0 V. Ta= 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic | 

Symbol 

Typ 

Max 

Unit 

Input Capacitance 

Ail inputs Except E 

D|n 

4 

6 



E 


5 

7 


I/O Capacitance | 

C|/0 

5 

7 

PF 
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MCM6288*MCM6290 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5 V ±10%, TA=0to +70®C, Unless Othenvise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load Figure 1A Unless Otherwise Noted 

Input Rise/Fall Time 5 ns 

READ CYCLE (See Note 1) 


Parameter 

Symbol 

MCM6288-25 

MCM6290-25 

MCM6288-30 

MCM6290-30 

MCMe2B8-36 

MCM6290-36 

MCM628a46 

MCM6290-46 



Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 


IQ2Q 

Read Cycle Time 


tRC 

MM 

- 


- 


- 

■a 



2 

Address Access Time 

tAVQV 

tAA 

- 

B 

- 


- 


- 




Enable Access Time 



- 

B 

- 

Bil 

- 


- 

mm 


3 

Output Hold from Address Change 


tOH 

B 

- 

5 

- 

5 

- 

5 

- 

HQ 


Output Enable Access Time MCM6290 

tGLQV 

tQE 

- 

B 

- 

B 

- 

B 

- 


Bi 


Output Enable Low to MCM6290 

Output Active 

tGLQX 

tLZ 

0 

- 

0 

- 

0 

- 

0 

- 

Q 

im 

Output Enable High to MCM6290 

Output High-Z 

tGHQZ 

tHZ 

0 






■ 

15 

Q 

B9 



tLZ 

5 

- 

5 

- 

5 

- 

5 

- 


EEOI 

Enable High to Output High-Z 

tEHQZ 

tHZ 

0 

B 

0 

B 

0 

B 

B 

B 


EMJ 

Power Up Time 

tELICCH 

tpu 

0 

- 

0 

- 

0 

- 

0 

- 



Power Down Time 

tEHICCL 

tPD 

- 

B 

- 

KB 

- 

El 

- 

mm 

B1 



NOTES: 1. W is high for read cycle. 

2. All read cycle timing is referenced from the last valid address to the first transitioning address. 

3. Addresses valid prior to or coincident with E going low. 

4. At any given voltage and temperature, t^noz ^ELQX fGHQZ ^GLQX ^ 

given device and from device to device. 

5. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. 

6. This parameter is sampled and not 100% tested. 

7. Device is continuously selected (E=V||_) and G=V||_ (MCM6290 only). 


READ CYCLE 1 (See Note 7 Above) 



tAVAV ► 


A (ADDRESS) ^ 

^ _) 

i 


^ tAXQX 9^ 


Q (DATA OUT) 

PREVIOUS DATA VALID )|(XXyXX; 

^ DATA VALID 


tAVQV ^ 

READ CYCLE 2 (See Note 3 Above) 
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MCM6288*MCM6290 


WRITE CYCLE 1 (W Controlled, See Notes 1 and 6) 


Parameter 

Symbol 

MCM6288-2S 

MCM6290-2S 

MCM6288-30 

MCMe290-30 

MCM6288-35 

MCM6290-36 

MCM6288-45 

MCM6290-46 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

fwc 

25 

- 

30 

- 

35 

- 

45 

- 

ns 

2 

Address Setup Time 

tAVWL 

tAS 

0 

- 

0 

- 

0 

- 

0 

- 

ns 


Address Valid to End of Write 

tAVWH 

tAW 

20 

- 

25 

- 

30 

- 

35 

- 

ns 


Write Pulse Width 

tWLWH 

twp 

1^1 

- 


- 


- 

1^11 

- 



Data Valid to End of Write 

tDVWH 

tDW 

■a 

- 

mm 

- 

■a 

- 

lOi 

- 

noil 


Data Hold Time 


fDH 

0 

- 

0 

- 

0 

- 

0 

- 



Write Low to Output High-Z 

1 tWLQZ 1 

twz 

0 

■a 

0 

■a 

0 

■a 

0 

■a 




EB9 

tow 

5 

- 

5 

- 

5 

- 

5 

- 

IQH 


1 Write Recovery Time | 

1 tWHAX 1 

tWR 

0 

- 

0 

- 

0 

- 

0 

- 

1 

□ 


NOTES: 1. 
2. 

3. 

4. 

5. 

6 . 


A write occurs during the overlap of E low and W low. 

All write cycle timing is referenced from the last valid address to the first transitioning address. 

Transition is measured ±500 mV from steady-state voltage with load in Figure 1B. 

Parameter is sampled and not 100% tested. 

At any given witage and temperature, t\/yLQ2 m^is less than twHOX both for a given device and from device to device. 
MCM6290, if G goes low coincident with or after W goes low, the output will remain in a high impedance state. 




AC TEST LOADS 




Figure 1A 


Figure IB 
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WRITE CYCLE 2 (E Controlled, See Notes 1 and 5) 


Parameter 

Symbol 

MCM6288-25 

MCMe290-2S 

MCM6288-30 

MCM6290-30 

MCMe288-35 

MCMe290-36 

MCM6288-46 

MCMe290-45 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

twc 

25 

- 

30 

- 

35 

- 

45 

- 

ns 

2 

Address Setup Time 

tAVEL 

tAS 

0 

- 

0 

- 

HRH 

- 

0 

- 



Address Valid to End of Write 

tAVEH 

tAW 


- 


- 

KB 

- 


- 



Enable to End of Write 

tELEH 

tew 

— 

- 

1^ 

- 

— 

IBI 


- 


mm 

Enable to End of Write 




- 


- 


- 


- 

Hoy 

la 

Write Pulse Width 

tWLEH 



- 

la 

- 


- 


- 




tDVEH 

BESSI 

mm 

- 

mm 

- 

mm 

- 

IQI 

- 



Data Hold Time 

tEHDX 

tDH 

0 

- 

0 

- 

0 

- 

0 

_ 



Write Recovery Time 

tEHAX 

tWR 

0 

- 

0 

- 

0 

- 

0 

- 

HQI 



NOTES: 1. 
2 . 

3. 

4. 

5. 


A write occurs during the overlap of 1 low and W low. 

All write cycle timing is referenced from the last valid address to the first transitioning address. 

If 1 goes low coincident with or after W goes low, the output will remain in a high impedance condition. 

If E goes high coincident with or before W goes high, the output will remain in a high impedance condition. 
MCM^SO, if G goes low coincident with or after W goes low, the output will remain in a high impedance state. 



ORDERING INFORMATION 
(Order by Full Part Number) 


Motorola Meroory Prefix 
Part Number 


MCM 


62XX 



X XX XX 


Shipping Method (R2 = Tape and Reel, Blank = Rails) 
Speed (25=25 ns, 30 = 30 ns, 35 = 35 ns, 45 = 45 ns) 
Package (P = Plastic DIP, J = Plastic SOJ) 


Full Part Numbers- MCM6288P25 
MCM6288P30 
MCM6288P35 
MCM6288P45 


MCM6290P25 

MCM6290P30 

MCM6290P35 

MCM6290P45 


MCM6290J25 

MCM6290J30 

MCM6290J35 

MCM6290J45 


MCM6290J25R2 

MCM6290J30R2 

MCM6290J35R2 

MCM6290J45R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Product Preview 

16Kx4 Bit Static RAMs 


The MCM6288-15 and MCM6290-15 are 65,536 bit static random access memories orga- 
nized as 16,384 words of 4 bits, fabricated using Motorola's high-performance silicon-gate 
CMOS technology. Static design eliminates the need for external clocks or timing strobes, 
while CMOS circuitry reduces power consumption for greater reliability. 

The chip enable (E) pin is not a clock. In less than a cycle time after E goes high, the 
part enters a low-power standby mode, remaining in that state until E goes low again. This 
feature reduces system power requirements_without degrading acc^ time performance. 

The MCM6290-15 has both chip enable (E) and output enable (G) inputs, allowing 
greater system flexibility. Either input, when high, will force the outputs to high impedance. 

• Single 5 V ± 10% Power Supply 

• Fast Access Time (Maximum): MCM6290-15 

(xx=88or90) Address Chip Enable Output Enable 
MCM62xx-15 15 ns 15 ns 8 ns 

• Equal Address ajid Chip Enable Access Time 

• Output Enable (G) Feature for Increased System Flexibility and to Eliminate Bus 

Contention Problems {MCM6290-15) 

• Low Power Operation: 140 mA Maximum, Active AC 

• Fully TTL Compatible— Three-State Data Output 


BLOCK DIAGRAM 



PIN NAMES 1 

A0-A13 Address Input 

DQO-OQ3 . . Data Input/Output 

W Write Enable 

G (MCM6290-15). Output Enable 

E Chip Enable 

NC No Connection 

Vcc- ■ • • +5 V Power Supply 
Vss Ground 


MCM6288-15 

MCM6290-15 


P PACKAGE 
PLASTIC 
CASE736A 


P PACKAGE 
300 MIL PLASTIC 
CASE 724 


J PACKAGE 
300 MIL SOJ 
CASE 81QA 


PIN ASSIGNMENT 
MCM6288-15 


A0[ 

1 • 

22 

IVcc 

Al[ 

2 

21 

]A13 

A2[ 

3 

20 

]A12 

A3[ 

4 

19 

}A11 

A4[ 

5 

18 

]A10 

A5[ 

6 

17 

]A9 

A6[ 

7 

16 

]DQ0 

A7[ 

8 

15 

]DQ1 

A8[ 

9 

14 

]DQ2 

E[ 

10 

13 

]DQ3 

Vssi 

11 

12 

iw 


MCM6290-15 


A0[ 

1 • 

24 

3 Vcc 

Al[ 

2 

23 

]A13 

A2E 

3 

22 

]A12 

A3[ 

4 

21 

]A11 

A4[ 

5 

20 

]A10 

A5[ 

6 

19 

3A9 

A6[ 

7 

18 

]NC 

A7[ 

8 

17 

]DQ0 

A8l 

9 

,16 

]DQ1 

E[ 

10 

15 

]DQ2 

G[ 

11 

14 

]DQ3 

Vss[ 

12 

13 

]w 



This document contains infomnation on a product under development. Motorola reserves the right te change or discontinue this product without notice. 
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MCM6288-15* MCM6290-15 


MCM6288-15 TRUTH TABLE 


E 

W 

Mode 

Vcc Current 

Output 

Cycle 

H 

X 

Not Selected 

ISB1, ISB2 

High-Z 

- 

L 

H 

Read 

'CCA 

Dout 

Read Cycle 

L 

L 

Write 

•cCA 

High-Z 

Write Cycle 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


MCM6^>15 TRUTH TABLE 


E 

G 

W 

Mode 

Vcc Current 

I/O Pin 

Cycle 

H 

X 

X 

Not Selected 

<SB 

High-Z 

- 

L 

H 

H 

Read 

'CCA 

High-Z 

- 

L 

L 

H 

Read 

ICCA 

Dout 

Read Cycle 

L 

X 

L 

Write 

•CCA 

Din 

Write Cycle 


This CMOS memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the tables, after thermal equilib- 
rium has been established. The circuit is in 
a test socket or mounted on a printed circuit 
board and transverse air flow of at least 500 
linear feet per minute is maintained. 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Voltage Relative to Vss for Any 

Pin Except Vcc 

Vin» Vout 

-0.5 to Vcc + 0-5 

V 

Output Current (per I/O) 

•out 

±20 

mA 

Power Dissipation (Ta=25°C) 

Pd 

1.0 

W 

Temperature Under Bias 

^bias 

— 10 to +85 

°C 

Operating Temperature 

Ta 

Oto +70 

°C 

Storage Temperature 

Istg 

-55 to +125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 


2.0 

- 


D 

Input Low Voltage 


-0.5* 

- 

0.8 

D 


*V||_ {min)= -0.5 V dc; V|l (min)= -2.0 V ac (pulse width < 20 ns) 

DC CHARACTERISTICS 


Parameter 



Typ 


BfBl 

input Leakage Current (All Inputs, Vj^ = 0 to Vcc) 


bbh 

bbih 

±1.0 


Output Leakage Current (E=V||-|/ Vout=0 to Vcc) 


- 

- 

±1.0 

lEI 

AC Supply Current (lout = 0 rnA) h tAVAV== ^5 ns 

'CCA 

- 

110 

140 


TTL Standby Current (E = V|h, No Restrictions on Other Inputs) 

ISBI 

- 

30 

40 


CMOS Standby Current (E^VcC“0-2 V, No Restrictions on Other Inputs) 

•SB2 

- 

20 

30 


Output Low Voltage (Iol= 8-0 niA) 

VOL 

- 

- 

0.4 

n 

Output High Voltage (loH= “4.0 mA) 

VOH 

2.4 

- 

- 

wm 


CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, Ta= 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic | 

Symbol 

Typ 

Max 

Unit 

Input Capacitance 

All Inputs Except E 

Cin 

4 

6 

PF 


E 


5 

7 


I/O Capacitance 


5 

7 

■a 


MOTOROLA MEMORY DATA 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5 V ± 10%, Ta= 0 to +70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level 1 .5 V Output Timing Measurement Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V Output Load Figure 1A Unless Otherwise Noted 

Input Rise/ Fall Time 5 ns 

READ CYCLE (See Note 1) 


Parameter 


Symbol 

MCM6288-15 

1^401146290-15 

Units 

Notes 



Standard 

Alternate 

Min 

Max 





tRC 

15 

- 

ns 

2 

Address Access Time 


tAA 

- 

15 

IKBi 


Enable Access Time 


tACS 

- 

15 

HSI 

3 

Output Hold from Address Change 

tAXQX 

tOH 

4 

- 

iiii[Qm 


Output Enable Access Time 

MCM6290-15 

tGLQV 

tQE 

- 

8 

HIQIIIIII 


Output Enable Low to Output Active 

MCM6290-15 


tLZ 

2 

- 

ns 

KIdM 

Output Enable High to Output High-Z 

MCM6290-15 


tHZ 

0 

5 

imQiiiim 


Enable Low to Output Active 


tLZ 

4 

- 

IBSI 

■ESI 

Enable High to Output High-Z 

tEHQZ 

tHZ 


6 

ns 


Power Up Time 

tELlCCH 

tpu 

0 

- 

moniiiu 


Power Down Time 

tEHICCL 

tPD 

- 

15 

H!9ii 



NOTES: 1. W is high for read cycle. 

2. All read cycle timing is referenced from the last valid address to the first transitioning address. 

3. Addresses valid prior to or coincident with E going low. 

4. At any given voltage and temperature, tgHQZ '® I®®® *ELQX ^qhQZ '® I®®® ^GLQX both for a 

given device and from device to device. 

5. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. 

6. This parameter is sampled and not 100% tested. 

7. Device is continuously selected (E = V|l) and G=V|l (MCM6290-15 only). 


READ CYCLE 1 (See Note 7 Above) 



tAVAV ► 

1 , 

A (ADDRESS) ^ 

( I ^ 




tAXQX ► 

1 . _ 

E (CHIP ENABLE) 

PREVIOUS DATA VALID 

(XXXXX) 

^ DATA VALID 

L tAVQV J 



READ CYCLE 2 (See Note 3 Above) 
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WRITE CYCLE 1 (W Controlled, See Notes 1 and 6) 


Parameter 

Symbol 

MCM6288-15 

MCMe290-15 

Units 

Notes 

Standard 

Alternate 

Min 

Max 

Write Cycle Time 

tAVAV 

fwc 

15 

- 

ns 

2 

Address Setup Time 


tAS 

0 

- 

ns 


Address Valid to End of Write 


tAW 

12 

- 

ns 


Write Poise Width 

tWLWH 

tWP 

12 

- 

ns 


Data Valid to End of Write 


tDW 

7 

- 

n^ii 




tDH 

0 

- 

iilQH 




fwz 

0 

5 

IB3il 


Write High to Output Active 



4 

- 

lilQIlllii 

mam 

Write Recovery Time 

fWHAX 


0 

- 

ns 



NOTES: 1. 


5. 

6 . 


A write occurs during the overlap of 1 low and W low. 

All write cycle timing is referenced from the last valid address to the first transitioning address. 

Transition is measured ±500 mV from steady-state voltage with load in Figure IB. 

Parameter is sampled and not 100% tested. 

At any given voltege and temperature, twLQz max is less than ty/ynox ^^lin both for a given device and from device to device. 
MCM6290-15, if G goes low coincident with or after W goes low, the output will remain in a high impedance state. 


A (ADDRESS) ^ 

^ tftVAV » 

( 

( 


tAVWH ► 


tWHAX 

E (CHIP ENABLE) 





r' ‘WLWH ^ ► 


W (WRITE ENABLE) 

M — tAVWL ► 

? 

H tDVWH ► 


- tWHDX 

—yxxxxxx) 

xXXXa 


:xxxxxx 

HI 

tWLQZ -\ 


1 

HIGH-Z 



IGH-Z A7 

x)d 

./VY7\— 


vx 


-e— 1. 

vAAa/^ 


4“ ^WHQX 


AC TEST LOADS 



+ 5 V 
480 


30 pF 
(INCLUDING 
SCOPE AND JIG) 



Figure IB 
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WRITE CYCLE 2 (E Controlled, See Notes 1 and 5) 


Parameter 

Symbol 

MCM6288-15 

MCM6290-15 

Units 

Notes 

Standard 

Alternate 

Min 

Max 

Write Cycle Time 

tAVAV 

fwc 

15 

- 

ns 

2 

Address Setup Time 

tAVEL 

tAS 

0 

- 

ns 


Address Valid to End of Write 

tAVEH 

tAW 

12 

- 

ns 


Enable to End of Write 

tELEH 

tew 

9 

- 

ns 

3,4 

Enable to End of Write 

fELWH 

tew 

9 

- 

ns 

■Oil 

Write Pulse Width 

tWLEH 

twp 

9 

- 

IQIII 




tDW 

7 

- 

ns 


Data Hold Time 

tEHDX 

tDH 

0 

- 

ns 


Write Recovery Time 

tEHAX 

tWR 

0 

- 

ns 



NOTES: 1. 
2 . 

3. 

4. 

5. 


A write occurs during the overlap of E low and W low. 

All_write cycle timing is referenced from the last valid address to the first transitioning address. 

if E goes low coincident with or after W goes low, the output will remain in a high impedance condition. 

If E goes high coincident with or before W goes high, the output will remain in a high impedance condition. 
MCM6290-15, if G goes low coincident with or after W goes low, the output will remain in a high Impedance state. 



HIGH-Z 

Q (DATA OUT) 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 62XX 

Motorola Memory Prefix —I 

Part Number 


X 


XX XX 

T T. 


Shipping Method (R2= Tape and Reel, Blank = Rails) 
Speed (15 = 15 ns) 

Package {P = Plastic DIP, J = Plastic SOJ) 


Full Part Numbers-MCM6288P15 MCM6290P15 MCM6290J15 MCM6290J15R2 


MOTOROLA MEMORY DATA 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Advance Information 

16Kx4 Bit Static RAMs 


The MCM6288-20 and MCM629Q-20 are 66,536 bit static random access memories orga- 
nized as 16,384 words of 4 bits, fabricated using Motorola's high-performance silicon-gate 
CMOS technology. Static design eliminates the need for external clocks or timing strobes, 
while CMOS circuitry reduces power consumption for greater reliability. 

The chip enable (E) pin is not a clock. In less than a cycle time after 1 goes high, the 
part enters a low-power standby mode, remaining in that state until E goes low again. 
These devices also incorporate internal power down circuitry that will reduce active current 
for less than 100% duty cycle applications. These features reduce system power require- 
ments without degrading access time perfonnance. 

The MCM6290-20 has both chip enable ( 1 ) and output enable (G) inputs, allowing 
greater system flexibility. Either input, when high, will force the outputs to high impedance. 

• Single 5 V ± 10% Power Supply 

• Fast Access Time (Maximum): MCM6290-20 

(xx=88or90) Address Chip Enable Output Enable 
MCM62XX-20 20 ns 20 ns 10 ns 

• Equal Address and Chip Enable Access Time 

• Output Enable (G) Feature for Increased System Flexibility and to Eliminate Bus 

Contention Problems (MCM6290-20) 

• Low Power Operation: 1^ mA Maximum, Active AC 

• Fully TTL Compatible— Three-State Data Output 

BLOCK DIAGRAM 



PIN NAMES 1 

A0-A13 . . 

. . . Address Input 

1 . . . . 


DQQ-DQ3. 

Data Input/Output 

NC . . . 

.... No Connection 

W 


vcc- • • 

. +5 V Power Supply 

€ (MCM629(>-20). Output Enable 

VSS- ' • 



MCM6288-20 

MCM629a-20 


P PACKAGE 
PLASTIC 
CASE736A 


P PACKAGE 
300 MIL PLASTIC 
CASE 724 


J PACKAGE 
300 MIL SOJ 
CASE 810A 


PIN ASSIGNMENT 
MCMS288-20 


A0[ 

1 • 

22 

Ivcc 

Al[ 

2 

21 

|A13 

A2[ 

3 

20 

lA12 

A3 1 

4 

19 

]A11 

A4[ 

5 

18 

lAIO 

A5[ 

6 

17 

]A9 

A6[ 

7 

16 

iDQO 

A7[ 

8 

15 

]DQ1 

A8[ 

9 

14 

]DQ2 

1[ 

10 

13 

]DQ3 

Vssi 

11 

12 

]W 


MCM629(^20 

A0[ 

1 • 

24 

Ivcc 

A1[ 

2 

23 

]A13 

A2[ 

3 

22 

]A12 

A3[ 

4 

21 

]A11 

A4[ 

5 

20 

]A10 

A5[ 

6 

19 

]A9 

A6[ 

7 

18 

]NC 

A7[ 

8 

17 

]DQ0 

A8[ 

9 

16 

]0Q1 

n 

10 

15 

1DQ2 

g( 

n 

14 



12 

13 

pw 



This document contains information on a new product. Specifications and information here are subject to change without notice. 
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This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


MCM6290-20 TRUTH TABLE 


E 

G 

W 

Mode 

Vcc Current 

I/O Pin 

Cycle 

H 

X 

X 

Not Selected 

'SB 

High-Z 

— 

L 

H 

H 

Read 

ICCA 

High-Z 

— 

L 

L 

H 

Read 

'CCA 

Dout 

Read Cycle 

L 

X 

L 

Write 

ICCA 

D|n 

Write Cycle 


MCM6288-20 TRUTH TABLE 


E 

W 

Mode 

Vcc Current 

Output 

Cycle 

H 

X 

Not Selected 

ISB1, ISB2 

High-Z 

_ 

L 

H 

Read 

•CCA 

Dout 

Read Cycle 

L 

L 

Write 

'CCA 

High-Z 

Write Cycle 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to -f-7.0 

V 

Voltage Relative to Vss lor Any 

Pin Except Vqc 

Vin' Vout 

-0.5 to Vcc + 0-5 

V 

Output Current (per I/O) 

lout 

±20 

mA 

Power Dissipation (Ta = 25°C) 

Pd 

1.0 

W 

Temperature Under Bias 

^bias 

-10 to +85 

°C 

Operating Temperature 

Ta 

Oto +70 

°C 

Storage Temperature 

Istfl 

-55 to +125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 


Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 


5.5 

V 

Input High Voltage 

^DBH 

2.0 

- 

Vcc + 0-3 

V 

Input Low Voltage 

V|L 

-0.5* 

- 

0.8 

V 


*V|L (min)= -0.5 V dc; V|l (min)= -3.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 


Input Leakage Current (All Inputs, Vjp = 0 to Vcc) 

■ika(l) 

- 

±1.0 

mA 

Output Leakage Current (E = V|h, Vout = 0 fo Vcc) 

>lka(0) 

- 

±1.0 

mA 

AC Supply Current (lout = 0 r’f’A) 

tAVAV = 20 ns 

'CCA 

- 


mA 

TTL Standby Current (E = V|h, No Restrictions on Other Inputs) 

)SB1 

- 

20 


CMOS Standby Current (Es:VcC“0-2 V, No Restrictions on Other Inputs) 

ISB2 

- 

15 


Output Low Voltage (loL=8.0 mA) 

VOL 

- 

iniiiiiQQm 

V 

Output High Voltage (Iqh = “4.0 mA) 

VOH 

2.4 


V 


CAPACITANCE (f=1.0 MHz, dV = 3.0 V, Ta= 25°C, Periodically Sampled Rather Than 100% Tested) 


1 Characteristic | 

Symbol 

Typ 

Max 

Unit 

Input Capacitance 

Ail Inputs Except E 

Cin 

4 

6 

PF 


1 


5 

7 


1 I/O Capacitance | 


5 

7 

PF 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5 V ±10%, TA=0to +70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level ... 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load Figure 1 A Unless Otherwise Noted 

Input Rise/ Fall Time 5 ns 

READ CYCLE (See Note 1) 


Parameter 


Symbol 

MCM6288-20 

MCM629a-20 

Units 

Notes 



Standard 

Alternate 

Min 

Max 



Read Cycle Time 

tAVAV 

tRC 

20 

- 

ns 

2 

Address Access Time 


tAA 

_ 

20 



Enable Access Time 

tELQV 


- 


ns 

3 

Output Hold from Address Change 


tOH 

4 

- 

ns 


Output Enable Access Time 

MCM6290-20 

tGLQV 

tQE 

- 

10 

ns 


Output Enable Low to Output Active 

MCM6290-20 

tGLQX 

tLZ 

0 

- 



Output Enable High to Output High-Z 

MCM6290-20 

tGHOZ 

tHZ 

0 

8 

ns 

KS9 

Enable Low to Output Active 

tELQX 

tLZ 

4 

- 

ns 

4,5,6 

Enable High to Output High-Z 

tEHQZ 

tHZ 

0 

8 

ns 

4,5,6 

Power Up Time 

tELICCH 

tpu 

0 

- 

ns 


Power Down Time 

tEHICCL 

tPD 

- 

20 

ns 



NOTES: 1. W is high for read cycle. 

2. All read cycle timing is referenced from the last valid address to the first transitioning address. 

3. Addresses valid prior to or coincident with 1 going low. 

4. At any given voltage and temperature, t^HOZ tEi_Qx min, and tQHOZ ^GLQX ^ 

given device and from device to device. 

5. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. 

6. This parameter is sampled and not 100% tested. 

7. Device is continuously selected (E=V|l) and G=V|l (MCM6290-20 only). 


READ CYCLE 1 (See Note 7 Above) 



^ tAVAV ► 

1, 

A (ADDRESS) ^ 

( 1 




r- tAXQX ^ 

1 

Q (DATA OUT) 

PREVIOUS DATA VALID 4 

(mxx) 

^ DATA VALID 

U- tAVQV J 



READ CYCLE 2 (See Note 3 Above) 
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WRITE CYCLE 1 (W Controlled, See Notes 1 and 6) 


Parameter 

Symbol 

MCMe288-20 

MCM6290-20 

Unite 

Notes 

Standard 

Alternate 

Min 

Max 

Write Cycle Time 



20 

- 


2 

Address Setup Time 

tAVWL 

tAS 

0 

- 

HSI 


Address Valid to End of Write 

tAVWH 

tAW 

15 

- 



Write Pulse Width 

tWLWH 

tWP 

15 

- 

ns 


Data Valid to End of Write 

tDVWH 

fDW 

10 

- 



Data Hold Time 

tWHDX 

tDH 

0 

- 



Write Low to Output High-Z 

tWLQZ 

twz 

0 

8 

|B3i 

KZSi 

Write High to Output Active 

tWHQX 

tow 

4 

- 

■B 

KS9 

Write Recovery Time 

tWHAX 

tWR 

0 

- 

ns 



NOTES: 1. A write occurs during the overlap of E low and W low. 

2. All write cycle timing is referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±500 mV from steady-state voltage with load in Figure IB. 

4. Parameter is sampled and not 100% tested. 

5. At any given voltage and temperature, tyy^Qz max is less than tyvnOX ^ 9 'ven device and from device to device. 

6. MCM6290-20, if G goes low coincident with or after W goes low, the output will remain in a high impedance state. 



A (ADDRESS) ^ 

tAVAV » 

( 

( 


^ tAVWH ► 


tWHAX 

E (CHIP ENABLE) 






twLWH ► 


W (WRITE ENABLE) 

^ — tAVWL ► 

^ 

1 

; 

— tovWH — ► 

r- 

- tWHDX 

"“"'■XXXXXXX) 

(xxa 

^ DATA VALID 


IXXXXXX 

tWLQZ — 

highz A7 

m 


HIGH-Z 



U lUMIH UUI) 


1 




1- tWHQX 


AC TEST LOADS 




Figure 1A 


Figure IB 
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WRITE CYCLE 2 (E Controlled, See Notes 1 and 5) 


Parameter 

Symbol 

MCM6288-20 

MCM6290-20 

Units 


Standard 

Alternate 

Min 

Max 

Write Cycle Time 

tAVAV 

fwc 

20 

- 

ns 

2 

Address Setup Time 

tAVEL 

tAS 

0 


ns 


Address Valid to End of Write 

tAVEH 

tAW 

15 


ns 


Enable to End of Write 

tELEH 

tew 

15 

- 

ns 

3,4 

Enable to End of Write 

tELWH 

tew 

15 

- 

moiiiii 

mm\ 

Write Pulse Width 

fWLEH 

twp 

15 

- 

IBSii 


Data Valid to End of Write 

fDVEH 

tDW 

10 

- 



Data Hold Time 

tEHDX 

tDH 


- 

IIB9i 


Write Recovery Time 

tEHAX 

tWR 

0 

- 

HOB 



NOTES: 1. 
2 . 

3. 

4. 

5. 


A write occurs during the overlap of 1 low and W low. 

All write cycle timing is referenced from the last valid address to the first transitioning address. 

If 1 goes low coincident with or after W joes low, the output will remain in a high impedance condition. 

If 1 goes high coincident with or before W goes high, the output will remain in a high impedance condition. 
MCM6290-20, if (a goes low coincident with or after W goes low, the output will remain in a high impedance state. 



HIGH-Z 

Q (DATA OUT) ' 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 62XX 

Motorola Memory Prefix 

Part Number 


X 


XX XX 

T t: 


Shipping Method (R2 = Tape and Reel, Blank == Rails) 
Speed (20=20 ns) 

Package {P = Plastic DIP, J = Plastic SOJ) 


Full Part Numbers- MCM6288P20 MCM6290P20 MCM6290J20 MCM6290J20R2 
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Special Application MOS Static RAMs 


MCM68HC34 Dual-Port RAM 5-3 

MCM4180 4Kx4, 2212^130 ns. Cache Tag 5-11 

MCM4180-20 4Kx4, 20 ns. Cache Tag 5-18 

MCM6292 16Kx 4, 25/30/35 ns. Synchronous, Transparent Outputs 5-25 

MCM6293 16Kx4, 20/25/30 ns. Synchronous, Output Registers 5-33 

MCM6294 16Kx4, 20/25/30 ns. Synchronous, Output Registers and Output 

Enable 5-41 

MCM6295 16Kx4, 25/30/35 ns. Synchronous, Transparent Outputs and 

Output Enable 5-49 

MCM62350 4K x 4, 22/25/30 ns. Cache Tag 5-57 

MCM62350-20 4K x 4, 20 ns. Cache Tag 5-67 

MCM62351 4Kx4, 22/25/30 ns. Cache Tag 5-77 

MCM62351-20 4Kx4, 20 ns. Cache Tag 5-87 

MCM62963 4Kx 10, 20/25/30 ns. Synchronous, Output Registers 5-97 

MCM62964 4K x 10, 20/25/30 ns. Synchronous, Output Registers and Output 

Enable 5-102 

MCM62965 4Kx 10, 25/30/35 ns. Synchronous, Transparent Outputs and 

Output Enable 5-106 

MCM62973 4Kx 12, 20/25/30 ns. Synchronous, Output Registers 5-110 

MCM62974 4Kx 12, 20/25/30 ns. Synchronous, Output Registers and Output 

Enable 5-115 

MCM62975 4Kx 12, 25/30/35 ns. Synchronous, Transparent Outputs and 

Output Enable 5-119 


MOTOROLA MEMORY DATA 
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Synchronous Static RAMs 

( + 5 V, 0 to 70°C unless otherwise noted) 


Organization 

Part Number 

Access Time 
(ns max) 

Pins 

16KX4 

MCM6292P25* 

25 

28 


MCM6292P30* 

30 

28 


MCM6292P35* 

35 

28 


MCM6292J25* 

25 

28 


MCM6292J30* 

30 

28 


MCM6292J35* 

35 

28 


MCM6293P20* 

20 

28 


MCM6293P25* 

25 

28 


MCM6293P30* 

30 

28 


MCM6293J20* 

20 

28 


MCM6293J25* 

25 

28 


MCM6293J30* 

30 

28 


MCM6294P20* 

20 

28 


MCM6294P25 

25 

28 


MCM6294P30 

30 

28 


MCM6294J20* 

20 

28 


MCM6294J25 

25 

28 


MCM6294J30 

30 

28 


MCM6295P25 

25 

28 


MCM6295P30 

30 

28 


MCM6295P35 

35 

28 


MCM6295J25 

25 

28 


MCM6295J30 

30 

28 


MCM6295J35 

35 

28 

4Kx10 

MCM62963FN20* 

20 

44 


MCM62963FN25* 

25 

44 


MCM62963FN30* 

30 

44 


MCM62964FN20^ 

20 

44 


MCM62964FN25^ 

25 

44 


MCM62964FN30* 

30 

44 


MCM62965FN25* 

25 

44 


MCM62965FN30* 

30 

44 


MCM62965FN35* 

35 

44 

4Kx12 

MCM62973FN20* 

20 

44 


MCM62973FN25* 

25 

44 


MCM62973FN30* 

30 

44 


MCM62974FN20* 

20 

44 


MCM62974FN25* 

25 

44 

1 

MCM62974FN30* 

30 

44 


MCM62975FN25* 

25 

44 


MCM62975FN30* 

30 

44 


MCM62975FN35* 

35 

44 


CMOS Dual Port RAM 

( + 5 V, 0 to 7000 


Organization 

Part Number 

Access Time 
(ns max) 

Pins 

256 x8 

MCM68HC34L 

240 

40 


MCM68HC34P 

240 

40 


Cache Tag RAMs 

( + 5 V, 0 to 70OC unless otherwise noted) 


Organization 

Part Number 

Address to 
Match Time 
(ns max) 

Pins 

4Kx4 

MCM62350P20* 

20 

24 


MCM62350P22* 

22 

24 


MCM62350P25 

25 

24 


MCM62350P30 

30 

24 


MCM62350J20* 

20 

24 


MCM62350J22* 

22 

24 


MCM62350J25 

25 

24 


MCM62350J30 

30 

24 


MCM62351P20* 

20 

24 


MCM62351P22* 

22 

24 


MCM62351P25 

25 

24 


MCM62351P30 

30 

24 


MCM62351J20* 

20 

24 


MCM62351J22* 

22 

24 


MCM62351J25 

25 

24 


MCM62351J30 

30 

24 


MCM4180P20* 

20 

22 


MCM4180P22* 

22 

22 


MCM4180P25 

25 

22 


MCM4180P30 

30 

22 


MCM5180J20* 

20 

24 


MCM4180J22* 

22 

24 


MCM4180J25 

25 

24 


MCM4180J30 

30 

24 


*To be introduced 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MCM68HC34 


Advance Information 

Dual-Port RAM Memory Unit 

The MCM68HC34 is a dual-port RAM memory (DPM) unit which enables two processors, arbitrar- 
ily referred to a "A” and "B", operating on two separate buses to exchange data without interfering 
with devices on the other bus. It contains 256 bytes of dual-port RAM which is the medium actually 
used for the interchange of data. 

The dual-port memory unit contains six semaphore registers that provide a means for controlling 
access to the dual-port RAM or any other shared resources. It also contains interrupt registers 
which provide a means for the processors to interrupt each other. 

• High-Speed CMOS (HCMOS) Structure 

• Six Read Write Semaphore Registers 

• 256 Bytes of Dual-Port RAM 

• Eight Address Lines 


FIGURE 1 — BLOCK DIAGRAM 



This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.3 to 7.0 

V 

Input Voltage, All Inputs 

Vin 

VsS“0-3 to Vcc + 0-5 

V 

Operating Temperature 

Ta 

Oto 70 

°c 

Storage Temperature 

^stg 

-55 to 150 

“C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Value 

Unit 

Thermal Resistance 

«JA 


C W 

Cerdip 

60 


Plastic 


100 


PLCC 


60 



This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. Unused inputs must be 
tied to an appropriate logic level (either Vcc 
or Vss) to reduce leakage currents and 
increase reliablity. 


FIGURE 2 - BUS TIMING LOAD 



DC ELECTRICAL CHARACTERISTCS (V^c = 5.0 Vdc ±5%, Vss = 0 Vdc. Ta = 0°C to 70°C unless otherwise noted) 


Charecteristics 

Symbol 

Min 

Max 

Unit 

Input High Voltage (see Note 1) 

VIH 

20 

Vcc + 0.3 

V 

Input Low Voltage (see Note 2) 

VlL 

Vss-0.3 

0.8 

V 

Input Current 





(V|n = 0 to Vcc) 

lin 

- 

1.0 


Output Leakage Current 

•oz 

• 

10.0 


Output High Voltage 





f^Load ~ ~ M^) 

VOH 

2.4 

- 

V 

^'Load ~ /*^) 


vcc-0.1 

- 


Output Low Voltage 





(iLoad = L6 mA) 

VOL 

- 

0.4 

V 

^^Load ~ ^ /*A) 


- 

0.1 


Current Drain - Outputs Unloaded 





Operating - Ea, Eb=1 MHz, Both Sides Active 

, >DD 

- 

30 

mA 

Input Capacitance 

Cin 

_ 

10 

pF 

Output Capacitance 





(AD0-AD7 and D0-D7) 

^out 

- 

12 

PF 


NOTES; 

1. Input high voltage as stated is for all inputs except MODE. In the case of MODE, input high voltage is tied to Vqq. 

2. Input low voltage as stated is for all inputs except MODE. In the case of MODE, input low voltage is tied to Vss O'" 'S floating. If floating, 
the voltage will be internally pulled to Vss- 
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BUS TIMING (See Notes 1 and 2 and Figure 2) 


Ident 

Number 

Characteristics 

Symbol 

Min 

Max 

Unit 

1 

Cycle Time 

tcyc 

800 

- 

ns 

2 

Pulse Width, E Low 

PWEL 

300 

- 

ns 

3 

Pulse Width, E High 

PWEH 

325 

- 

ns 

4 


tr. tf 

_ 

30 

ns 

8 



10 

- 

ns 

9 

Non-Multiplexed Address, RS Hold Time 

tAH 

10 

- 

ns 

12 

Non-Multiplexed Address, RS Valid Time to Eb 

lAV 

20 

- 

ns 

13 

R/W, Chip Select Setup Time 

tRWS 

20 

- 

ns 

15 

Chip Select Hold Time 

tCH 

0 

- 

ns 

18 

Read Data Hold Time 

tDHR 

20 

75 

ns 

21 

Write Data Hold Time 

tDHW 

10 

- 

ns 

24 

Address Setup Time for Latch 

tASL 

20 

- 

ns 

25 

Address Hold Time for Latch 

lAHL 

20 

- 

ns 

26 

Delay Time E to AS Rise 

tASD 

60 

- 

ns 

27 

Pulse Width, AS High 

pwash 

110 

- 

ns 

28 

Address Strobe to E Delay 

lASED 

20 

- 

ns 

30 

Read Data Delay Time 

tDDR 

- 

240 

ns 

31 

Write Data Setup Time 

IDSW 

100 

- 

ns 


NOTES: 

1. Timing numbers relative to one side only. No numbers are intended to be cross-referenced from one side to the other. 

2. Measurement points shown for ac timing are 0.8 V and 2.0 V, unless otherwise specified. 
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RS 


AD0-AD7 

Write 


AD0-AD7 

Read 


A0-A7 


D0-D7 

Write 


D0-D7 

Read 
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SIGNAL DESCRIPTION 

The following paragraphs contain a brief description of 
the input and output signals. 

Vcc and Vss 

These pins supply power to the DPM . Vcc is + 5 volts ± 5% 
and Vss 'S 0 volts or ground. 

E CLOCK INPUTS (Ea AND Eb) 

These are the input clocks from the respective processors 
and are positive during the latter portion of the bus cycle. 

REGISTER SELECT INPUTS (RSa AND RSb) 

These inputs function as register select inputs. A high on 
the RSa for side A or RSb for side B input allows selection of 
the semaphore and interrupt registers respectively for side A 
and side B by the lower three address bits. A low on RSa or 
RSb selects 256 bytes of RAM from side A or side B respec- 
tively. 

CHIP SELECT INPUTS (^a AND CSib) 

These inputs function as chip select inputs for their 
resp ective sides. CSIa must be low to select side A and 
CSib must be low to select side B. If CSIa is high, side A is 
deselected. If C^b is high, side B is deselected. 

MODE SELECT (MODE) 

In normal operation, this pin should always be connected 
to Vcc (MODE = 1). Each side has three st ates controlled by 
RSa and CSIa for side A and RSb and CSib for side B. 

If CSIa is high, side A cannot be accessed. If CSIa is low, 
side A accesses either 256 bytes of RAM or the six 
semaphore registers and the two interrupt registers depen- 
ding on the level of RSa. If RSa is low, 256 bytes of RAM are 
accessed and if RSa is high, the six semaphores and two in- 
terrupt registers are accessed. 

The six semaphore and two interrupt registers are redun- 
dantly mapped in the 256 byte mode. That is, only the low 
order three bits select one of eight registers and the upper 
five bits of address are not decoded. Refer to Table 1. 


TABLE 1 - SIDE A CONTROL SIGNAL OPERATION 


Mode 

CSIa 

RSa 

Operation 

1 

0 

0 

Access 256 Byte RAM Side A 

1 

0 

1 

Access Semaphore/ fTO Side A 
on Lower Three Bits of Address 

1 

1 

X 

Side A Not Selected 


The three states for side B in the 256 byte mo^ are con- 
trolled in the manner as side A using RSb and CSib except 
that side B uses separated address and data inputs. Refer to 
Table 2. 


TABLE 2 - SIDE B CONTROL SIGNAL OPERATION 


Mode 

CSTb 

RSb 

Operation 

1 

0 

0 

Access 256 Byte RAM Side B 

1 

0 

1 

Access Semaphore/ iT^ Side B 
on Lower Three Bits of Address 

1 

1 

X 

Side B Not Selected 


INTERRUPT REQUEST OUTPUTS mOa AND IRQb) 

These pins are active low open-drain outputs. A write to 
address F9 from one side asserts an interrupt, if not masked 
on the other side. A write to address F9 sets this pin low, 

B SIDE ADDRESS BUS INPUTS (A0-A7) AND 
B SIDE BIDIRECTIONAL DATA BUS (D0-D7) 

When the B side is run from a multiplexed bus processor, 
the B side address pins are connected to the B side data 
pins, respectively (AO to DO, A1 to D1, etc.). 


SYSTEM RESET INPUT (RESET) 

A low level on this input causes the semaphore registers to 
be set to the states shown in Table 5 under SEMAPHORE 
REGISTERS and clears both bits of b oth IRQ registers to 
zeros. The RAM data is unaffected by RESET. 

ADDRESS STROBE INPUTS (ASa AND ASb) 

The ASa input demultiplexes the eight low order address 
lines from the data lines on the A side. The falling edge of 
ASa latches the A side address within the DPM. The ASb in- 
put is used in the same manner when the B side is connected 
to a multiplexed bus. It must be connected to a high level 
when the B side is connected to a non-multiplexed bus. 

A SIDE MULTIPLEXED ADDRESS/ 

BIDIRECTIONAL DATA BUS (AD0-AD7) 

The A side can only be used with a multiplexed ad- 
dress/data bus. The A side addresses are on these lines dur- 
ing the time ASa is high. The lines are used as bidirectional 
data lines during the time Ea is high. 

DUAL-PORT RAM 

The dual-port memory unit contains 256 bytes of dual-port 
RAM that is accessed from either processor. It is selected in 
either case by eight address lines, register select, and chip 
select inputs. The direction of_data tranter is controlled by 
the respective read/write (R/Wa or R/Wb) line. The dual- 
port RAM enables the processors to exchange data without 
interfering with devices on the other bus. 

Simultaneous accesses by both sides of different locations 
of dual-port RAM will cause no ambiguities. Simultaneous 
reads by both sides of the same dual-port RAM location 
gives the proper data to both sides. On a simultaneous write 
and read of the same location, the data written is put into 
RAM but the data read is undefined. Simultaneous writes to 
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the same RAM location result in undefined data being 
Stored. Thus, simultaneous writes and simultaneous write 
and read to the same location should be avoided. The 
semaphore registers provide a tool for determining when the 
shared RAM is available. 


SEMAPHORE REGISTERS 

The dual-port memory unit contains six read/write 
semaphore registers. Only two bits of each register are used. 
Bit 7 is the semaphore (SEM) bit and bit 6 is the ownership 
(OWN) bit. The remaining six bits will read all zeros. 

Each semaphore register is able to arbitrate simultaneous 
accesses to it. The semaphore register bits provide a 
mechanism for controlling accesses to the shared RAM but 
there are no hardware controls of the dual-port RAM by the 
semaphore registers. 

Table 3 is the truth table for when a semaphore register is 
accessed by one of the processors. When a semaphore 
register is written, the actual data written is disregarded but 
the SEM bit is set to zero. When the register is read, the 
resulting SEM bit is one (for the next read). The data obtain- 
ed from the read is interpreted as: SEM bit equals 
zero - resource available, SEM bit equals one - resource 
not available. 


TABLE 3 - ONE PROCESSOR SEMAPHORE BIT TRUTH TABLE 


Original 

SEM Bit 

R/W 

Data 

Read 

Resulting 

SEM Bit 

0 

R 

0* 

1 

1 

R 

1* 

1 

0 

W 

- 

0 

1 

W 

- 

0 


*0= Resource Available 
1 = Resource Not Available 


Table 4 shows the truth table if both processors read 
or read and write the same semaphore register at the 
same time. The A processor always reads the actual 
SEM bit. The B processor reads the SEM bit except 
during the simultaneous read of a clear SEM bit. This 
ensures that during a simultaneous read, only the A 
processor reads a clear SEM bit and therefore has prior- 
ity to the shared RAM. 


TABLE 4 - SIMULTANEOUS ACCESS OF OF SEMAPHORE 
REGISTER TRUTH TABLE 


Original 
SEM Bit 

1 A Processor | 

B 

Processor 

Resulting 
SEM Bit 

R/W 

Data Read 

R/W 

Data Read 

0 

R 

0* 

R 

r 

1 

1 

R 

1* 

W 

- 

0 

1 

W 

- 

R 

1* 

0 

1 

R 

r 

R 

1* 

1 


*0= Resource Available 
1 = Resource Not Available 


The ownership bit is a read-only bit that indicates which 
processor last set the SEM bit. The OWN bit is set to a one 
whenever the SEM bit is set from zero to one. The OWN bit 
as read by one processor is the complement of the bit read 
by the other processor. 

The reset state of the semaphore registers is defined in 
Table 5. The A processor owns all of the semaphore registers 


except the second semaphore register which is owned by the 
B processor. 


TABLE 5 - RESET STATE OF SEMAPHORE REGISTERS 


Semaphore 

Register 

Number 

A Processor 

B Prc 

jcessor 

SEM Bit 

OWN Bit 

SEM Bit 

OWN Bit 

1 

1 

1 

1 

0 

2 

1 

0 

1 

1 

3 

1 

1 

1 

0 

4 

1 

1 

1 

0 

5 

1 

1 

1 

0 

6 

1 

1 

1 

0 


A state diagram for a semaphore register is shown in 
Figure 3. 


FIGURE 3 - STATE DIAGRAM FOR SEMAPHORE REGISTER 



NOTES: 

1. Writes to a semaphore register are valid only if SEM = 1 
and OWN=1. 

2. When A and B simultaneously read a semaphore register, 
the hardware handles it as a read by A followed by a read 
by B. 

INTERRUPT REGISTERS 

The dual-port memory unit contains two addressable 
locations at F8 and F9 on both sides that control the interrupt 
(IRQ) operation between the processors. Although there is 
only one hardware register for each side, for purposes of 
explanation the register accessed at location F8 is referred to 
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as the IRQX status register and the register accessed at 
location F9 is referred to as the IRQX control register (refer to 
Table 6). The registers each consisting of two bits have 
identical bit arrangements. Bit 6 is the enable bit and bit 7 is 
the flag bit. Th e other six bits are not used and always read 
as zero. When RESET is asserted, both bits are cleared to 
zero. 

Table 7 summarizes the bits involved when reading or 
writing to the status or control registers at F8 or F9. The 
enable bits on either side (A or B) track the data that is 
written into the status register from that side. Writes to the 
control register do not alter data. The actual data written is 
disregarded but the action sets the flag bit in the other side's 
register and asserts an interrupt signal if enabled. 

The following describes how the B side interrupt is 
asserted from the A side. The A side interrupt is controlled in 
a similar manner. 

When the enable bit in the IRQb status register is set (bit 
6=1), a write to IRQa control register sets the flag bit in the 
IRQb status register (bit 7 = 1) and causes an interrupt on the 
B side by setting the IRQb pin low. Reading the IRQb status 


register reads the state of the B side enable and flag bits. 
Reading the IRQb control register also reads the enable and 
flag bits but in addition, clears the B side flag bit (bit 7 = 0) 
and clears the B side interrupt by removing the low condition 
on the IRQb pin. 

The enable bit in the IRQb status register (bit 6) is changed 
by writing the proper data to bit 6 of the IRQb status register. 
If the B side enable bit is zero, interrupts are prevented on 
the B side. However, a write to the IRQa control register still 
sets the B side flag bit. 

INTERNAL REGISTER ADDRESSES 

Table 8 shows the address of the RAM, ll^Q, and 
semaphore registers. The addresses to these registers are the 
same whether accessed from the A or B side. The address 
and data buses are multiplexed on the A side. The B side has 
separate address and data buses. The B side can be used on 
a multiplexed bus by connecting the corresponding address 
and data bit pins together (AO to DO, A1 to D1, etc.) and 
using the B side address strobe input pin. 


TABLE 6 - IRQ REGISTERS 


Location 

Register Name 

Bit 7 

Bite 

Bits 5 to 0 

A Side F8 

IRQa Status 

Flag 

Enable 

Not Used 

A Side F9 

IRQa Control 

Flag 

Enable 

Not Used 

B Side F8 

IRQb Status 

Flag 

Enable 

Not Used 

B Side F9 

IRQb Control 

Flag 

Enable 

Not Used 


TABLE 7 - INTERRUPT OPERATION 


Operation 

Action Taken 

A Reads IRQa Status at F8 

A Writes IRQa Status at F8 

A Reads IRQa Control at F9 

A Writes IRQa Control at F9 

B Reads IRQb Status at F8 

B Writes IRQb Status at F8 

B Reads IRb Control at F9 

B Writes IRQb Control at F9 

Read EA and FA 

Writes to EA 

Read EA and FA; Clear FA 

Set FB; Assert IRQB if Enabled 

Read EB and FB 

Writes to EB 

Read EB and FB; Clear FB 

Set FA; Assert IRQA if Enabled 


F8 and F9 are Address Locations 

EA and FA are A Side Enable and Flag Bits 

EB and FB are B Side Enable and Flag Bits 


TABLE 8 - REGISTER LOCATIONS 


Where: 

X is 0 through F of the upper four bits 
of the address (note that only the lower 
three bits of the address are decoded) : 
XO and X8 IRQa or IRQb Status 
XI and X9 IRQa or IRQb Control 
X2 and XA Semaphore 1 
X3 and XB Semaphore 2 
X4 and XC Semaphore 3 
X5 and XD Semaphore 4 
X6 and XE Semaphore 5 
X7 and XF Semaphore 6 


RS 

Address 

Register Name 

0 

00-FF 

Dual Ported RAM 

1 

00-07 

IRQ and Semaphore 

1 

08-0F 

IRQ and Semaphore 

1 

10-17 

IRQ and Semaphore 

1 

18-1 F 

% 

IRQ and Semaphore 

1 

• 

• 

IRQ and Semaphore 

1 

E0-E7 

IRQ and Semaphore 

1 

E8-EF 

IRQ and Semaphore 

1 

F0-F7 

IRQ and Semaphore 

1 

F8-FF 

IRQ and Semaphore 
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ORDERING INFORMATION (Ta = 0° to 70 C) 


Package Type 

Order Number 

Cerdip 

S Suffix 

MCM68HC34S 

Plastic 

P Suffix 

MCM68HC34P 

PLCC ^ 

FN Suffix j 

MCM68H,C34FN 


PIN ASSIGNMENT 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


4K X 4 Bit Cache Address Tag 
Comparator 

The MCM4180 is a 16,384 bit cache address tag comparator organized as 4096 tags of 4 
bits, fabricated using Motorola's high-performance silicon-gate CMOS technology. The de- 
vice integrates a 4K x 4 SRAM core with an on-board comparator for efficient implementa- 
tion of a cache me mory. 

The device has a CLR pin for flash clear of the RAM, useful for system initialization. 

The MCM4180 compares RAM contents with current input data. The result is either an 
active high match level for a cache hit, or an active low level for a cache miss. 

The MCM4180 is available in 22 lead plastic DIP and 24 lead SOJ packages. 

• Single 5 V ±10% Power Supply 

• Fast Address to Match Time: 22/25/30 ns max 

• Fast Data to Match Time: 10/12/15 ns max 

• Fast Read of Tag RAM Cont ents: 25/30/35 ns max 

• Flash Clear of the Tag RAM (CLR Pin) 

• Pin and Function Compatible with MK41H80 


BLOCK DIAGRAM 



MCM4180 



PLASTIC 
CASE 736A 



J PACKAGE 
300 MIL SOJ 
CASE 810A 


PIN ASSIGNMENT 


DUAL-IN-LINE 



SMALL OUTLINE 


A4E 

1 • 

24 

3vcc 

asE 

2 

23 

]A3 

A6E 

3 

22 

]A2 

A7E 

4 

21 

1A1 

A8E 

5 

20 

]A0 

asE 

6 

19 

]NC 

ncE 

7 

18 

]M 

aioE 

8 

17 

]DQ3 

All E 

9 

16 

]DQ2 

gE 

10 

15 

]0Q1 

WE 

11 

14 

]dqo 

VssE 

12 

13 

] MATCH 
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TRUTH TABLE 


w 

G 

CLR 

DQ0-DQ3 

Match 

Mode 

H 

H 

H 

Compare Djp 

Valid 

Compare 

L 

X 

H 

Din 

Assert 

Write 

H 

L 

H 

Dout 

Assert 

Read 

X 

X 

L 

High-Z 

Assert 

Clear 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high imped- 
ance circuit. 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss=0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to -1-7.0 

V 

Voltage Relative to Vss fo*" Any Pin 
Except Vcc 

Vin/Vout 

-0.5 to Vcc +0-5 

V 

Output Current Match Output 

I/O Pins, Per I/O 

•out 

40 

20 

mA 

Power Dissipation (Ta=25°C) 

Pd 

1.0 

W 

Operating Temperature 

Ta 

Oto +70 

°C 

Storage Temperature 

’•'stg 

-55 to +125 

°C 

Temperature Under Bias 

Tbias 

-10 to +85 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


DC OPERATtNG CONDITIONS AND CHARACTERISTICS 

{Vcc = 5-0 V ±10%, Ta= 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Referenced to Vss=0 V) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

- 

Vcc + 0.3 

V 

Input Low Voltage 

V|L 

-0.5* 

- 

0.8 

V 


*V|L mln= -0.5 V dc; V|l min= -3.0 V ac (pulse width <20 ns) 


DC CHARACTERISTICS 


Characteristic 

1 Symbol | 


Max 


Input Leakage Current (All Inputs Vjr, = 0 to Vcc) 


- 

±1.0 


Output Leakage Current, Except Match Output (G = V|h, Vout-0 to Vcc) 

1 'lkg(O) 1 

- 


mA 

AC Supply Current dout^'O mA, t)\VAV=fAVQV 


- 

1 140* 1 

mA 

Output Low Voltage (I/O Pins: Iql^S.O mA, Match Output: loL=12.0 mA) 

VOL 

- 


V 

Output High Voltage (I/O Pins: loH= ~4*0 mA, Match Output: loH= -10.0 mA) 

VOH 

2.4 


V 


^Icc active current for the clear cycle exceeds this specification. However, this is a transient phenomenon and will not affect the power 
dissipation of the device. Good decoupling of the local power supply should always be used. 


CAPACITANCE (f = 1.0 MHz, dV=3.0 V, Ta= 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Input Capacitance 

^in 

4 

5 

PF 


Cout 

5 

7 

PF 

1 Match Output Capacitance | 

^match 

6 

7 

pF 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5 V ±10%, Ta = 0 to +70°C, Unless OthenA/ise Noted) 


Input Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V 

Input Rise/ Fall Time 5 ns 


Output Timing Measurement Reference Level 1.5 V 

Output Load (I/O Pins) See Figure la 

Output Load (Match Output) See Figure 1c 


READ CYCLE (See Note 1) 


Characteristic 

Symbol 

MCM4180-22 

MCM4180-2S 

MCM4180-30 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

tAVAV 

tRC 

25 

_ 

30 

- 

35 

- 

ns 


Address Access Time 


tAA 

- 


- 

1^1 

- 

35 



G Access Time 



- 

■a 

- 

mm 

- 

mm 



Output Hold from Address Change 

tAXQX 

tOH 

5 

- 

5 

- 

5 

- 



G Low to Output Active 

tGLQX 

tOEL 

5 

- 

5 

- 

mm 

- 


2 

G High to Output High-Z 

tGHQZ 

tOEZ 

- 

8 

- 

10 

- 

10 

ns 

2 

G Low to Match Assert 

tGLMX 

tCH 

0 

10 

0 

12 

0 

15 

ns 



NOTES: _ 

1. CLR=V||-|, W = V|H continuously during read cycles. 

2. Transition is measured ±500 mV from steady state voltage with load of Figure lb. This parameter is sampled and not 100% tested. 


READ CYCLE 

(ADDRESS CDNTROLLED) G (CONTROLLED) 




AC TEST LOADS 
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COMPARE CYCLE (See Note 1) 


Characteristic 

Symbol 

MCM4180-22 

MCM4180-25 

MCM4180-30 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Compare Cycle Time 

tAVAV 

tc 

25 

- 

30 

- , 


- 

imyi 


Address Valid to Match Valid 



- 


_ 


- 




"G High to Match Valid 



- 

■a 

- 

mm 

- 

20 

ns 


Data Valid to Match Valid 

tDVMV 

tDCA 

- 

mm 

_ 

mm 

- 

■B 



Match Hold from G Low 



0 

mm 

0 

12 

0 

mm 



Match Hold from Address Change 

tAXMX 

tACH 

5 

- 

5 

- 

5 

- 

um 


Match Hold from pata Invalid 

tDXMX 

tDCH 

3 

- 

3 

- 

3 

- 



G Low to Output Active 

tGLQX 

tLZ 

5 

- 

5 

- 

5 

- 

BiBI 

2 

G High to Output High-Z 

tGHQZ 

tHZ 

- 

8 

_ 

10 

- 

10 

hs 

2 


NOTES: 

1. A compare cycle is performed when CLR, W, and G are all high. 

2. Transition is measured ±5(X) mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 1(X)% tested. 


COMPARE CYCLE 



I CONTROLLED) 






-tAVMV - 


£ 


— tGHMV - 
tOVMV-H 


\ 


> 


IGHOZ 

HIGH-Z ■ 



- IGLQX 

\ 

/ 

/ 

V 

1 

■ 

m 


-IGLMX 



\^m 
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WRITE CYCLE (See Note 1) 


Characteristic 

Symbol 

MCM4180-22 

MCM4180-25 

MCM4180-30 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

twc 

25 

- 

30 

- 

35 


ns 


Write Pulse Width 

tWLWH 

twEW 

18 

- 

20 

- 

25 

- 



Address Setup to Beginning of Write 

fAVWL 

tAS 

0 

- 

0 

- 

0 

- 



Address Valid to End of Write 

tAVWH 

tAW 

18 

- 

20 

- 

25 

- 



Data Valid to End of Write 

tDVWH 

tDS 

10 

- 

12 

- 

14 

- 

HQIII 


Data Hold from Write End 

tWHDX 

tDH 

0 

- 

0 

- 

0 

- 

HQI 


Write Low to Output High-Z 

tWL(3Z 


0 

9 

0 

■■ 


mm 

I^QII 

2 

Address Hold from Write End 

tWHAX 


0 

- 

■■ 


0 

- 

IIESII 


Write Low to Match Assert 

tWLMX 


0 

mm 

0 

■9 

0 

18 

ISI 


Write High to Match Valid 

tWHMV 

tWCA 

- 

22 

- 

25 

- 

30 

ns 


Write High to Output Active 

tWHQX 

tLZ 

5 

- 

5 

_ 

5 

- 

ns 

MM 


NOTES: _ 

1 . A write occurs during the overlap of W low and CLR high. 

2. Transition is measured ±500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 


WRITE CYCLE 


(FROM A READ CYCLE) 


A (ADDRESS) 


G (DUTPUT ENABLE) 


W (WRITE ENABLE) 


D (DATA IN)- 





tAVAV ► 


) 

( ) 

( 




- tWHAX 

^ ^AVWH ► 

(G = V|l) 




“tAVWL 



^ 1 

t 

p— tDVWH 




DATA VALID 


Q (DATA OUT) 




-tWLQZ 


-HIGHZ- 


-tWHQX 


(ASSERTED) 


(FROM A COMPARE CYCLE) 
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MCM4180 


CLEAR CYCLE (See Note II 
Characteristic 


MCM4180-22 MCM4180-25 MCM4180-30 



Standard 

Alternate 

CLR Low to Inputs Recognized A 

tCLAV 

tCR 

(Clear Cycle Time) Tj 

tCLGV 

tCR 

W 

tCLWV 

tCR 

D 

^CLDV 

^ 

R ___ 



























Unit Notes 

ns 2 
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MCM4180 


Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 4180 X XX XX 

”1^ Shipping Method (R2 = Tape & Reel, Blank = Rails) 

Speed (22 = 22 ns, 25 = 25 ns, 30 = 30 ns) 


Package (P = Plastic DIP, J = Plastic SOJ) 


Full Part Numbers- MCM4180P22 
MCM4180J22 
MCM4180J22R2 


MCM4180P25 

MCM4180J25 

MCM4180J25R2 


MCM4180P30 

MCM4180J30 

MCM4180J30R2 


MOTOROLA MEMORY DATA 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Product Preview 

4K X 4 Bit Cache Address Tag 
Comparator 

The MCM4180 is a 16,384 bit cache address tag comparator organized as 4096 tags of 4 
bits, fabricated using Motorola's high-performance silicon-gate CMOS technology. The de- 
vice integrates a 4Kx4 SRAM core with an on-board comparator for efficient implementa- 
tion of a cache me mory. 

The device has a CLR pin for flash clear of the RAM, useful for system initialization. 

The MCM4180 compares RAM contents with current input data. The result is either an 
active high match level for a cache hit, or an active low level for a cache miss. 

The MCM4180 is available in 22 lead plastic DIP and 24 lead SOJ packages. 

• Single 5 V ± 10% Power Supply 

• Fast Address to Match Time: 20 ns max 

• Fast Data to Match Time: 10 ns max 

• Fast Read of Tag RAM Cont ents: 20 ns max 

• Flash Clear of the Tag RAM (CLR Pin) 

• Pin and Function Compatible with MK41H80 

BLOCK DIAGRAM 



MCM41 80-20 



PLASTIC 
CASE 736A 



J PACKAGE 
300 MIL SOJ 
CASE 810A 


PIN ASSIGNMENT 


DUAL-IN-LINE 


A4[ 

1 • 

22 

Jvcc 

A5[ 

2 

21 

|A3 

A6[ 

3 

20 

|A2 

A7[ 

4 

19 

]A1 

A8[ 

5 

18 

]A0 

A9[ 

6 

17 

]m 

A10[ 

7 

16 

lDQ3 

A11[ 

8 

15 

1DQ2 

G[ 

9 

14 

iDQI 

wC 

10 

13 

iDQO 

Vssc 

11 

12 

] MATCH 

SMALL OUTLINE 

A4[ 

1 • 

24 

Ivcc 

A5[ 

2 

23 

lA3 

A6[ 

3 

22 

1A2 

A7l 

4 

21 

1A1 

A8[ 

5 

20 

]A0 

A9[ 

6 

19 

]NC 

NC[ 

7 

18 

m 

A10[ 

8 

17 

]DQ3 

A11[ 

9 

16 

]DQ2 

U 

10 

15 

]DQ1 

WC 

11 

14 

]DQ0 

Vsst 

12 

13 

] MATCH 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCM4180-20 


TRUTH TABLE 


w 

e 

CLR 

DQ0-DQ3 

Match 

Mode 

H 

H 

H 

Compare Djn 

Valid 

Compare 

L 

X 

H 

Din 

Assert 

Write 

H 

L 

H 

Dout 

Assert 

Read 

X 

X 

L 

High-Z 

Assert 

Clear 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high imped- 
ance circuit. 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss=0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Voltage Relative to Vss Any Pin 
Except Vcc 

Vin/Vout 

-0.5 to Vcc +0-5 

V 

Output Current Match Output 

I/O Pins, Per I/O 

lout 

40 

20 

mA 

Power Dissipation (Ta=25°C) 

Pd 

1.0 

W 

Operating Temperature 

Ta 

0 to +70 

°C 

Storage Temperature 

^stg 

-55 to +125 

OC 

Temperature Under Bias 

Tbias 

-10 to +85 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta= 0 to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Referenced to Vss=0 V) 


Parameter 

Symbol 


Typ 

Max 


Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 


- 

Vcc + 0.3 

V 

Input Low Voltage 

V|L 

-0.5* 

- 

0.8 

V 


*V||_ min= -0.5 V dc; Vil min= -3.0 V ac (pulse width :s20 ns) 


DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs Vjn=0 to Vcc) 

l|kg(i) 

- 

±1.0 

fiA 

Output Leakage Current, Except Match Output (G=V|h, Vout=0 to Vcc) 

'lkg(O) 

- 

±1.0 

VA 

AC Supply Current dout^O mA, tAVAV='AVQV 

'CCA 

- 

140* 

mA 

Output Low Voltage (I/O Pins: loL = 8.0 mA, Match Output: Iol= 12.0 mA) 

VoL 

- 

0.4 

V 

Output High Voltage (I/O Pins: loH= “^-O mA, Match Output: loH= -10.0 mA) 

VOH 

2.4 

- 

V 


^Icc active current for the clear cycle exceeds this specification. However, this is a transient phenomenon and will not affect the power 
dissipation of the device. Good decoupling of the local power supply should always be used. 


CAPACITANCE (f = 1.0 MHz, dV=3.0 V, Ta= 25*>C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Input Capacitance 

C|n 

4 

5 

PF 

I/O Capacitance 

Cout 

5 

7 

pF 

Match Output Capacitance 

Cmatch 

6 

7 

pF 
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MCM4180-20 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5 V ±10%, Ta = 0 to +70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load (I/O Pins) See Figure la 

Input Rise/Fall Time 5 ns Output Load (Match Output) See Figure 1c 


READ CYCLE (See Note 1) 


Characteristic 

Symbol 

MCM4180-20 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Read Cycle Time 

tAVAV 


20 

- 

ns 


Address Access Time 


tAA 

- 

20 

ns 


S Access Time 


tOEA 

- 

9 

ns 


Output Hold from Address Change 


tOH 

5 

- 

ns 


G Low to Output Active 


tOEL 

3 

- 

[|||Q|||||[ 

2 

G High to Output High-Z 

tGHQZ 

tOEZ 

- 

8 

ns 

2 

G Low to Match Assert 

tGLMX 

tCH 

0 

15 

ns 



NOTES: _ 

1. CLR = V|h, W=V|h continuously during read cycles. 

2. Transition is measured ±500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 


READ CYCLE 


(ADDRESS CONTROLLED) 



^ tAVAV ► 


A (ADDRESS) ^ 

( 7 


G (OUTPUT ENABLE) 



^AVQV ► 

(G = V,l) 


U-tAXQX-*-j 



PREVIOUS \ 

QIOATAOUTI ) 


^ DATA VALID 


MATCH 


(ASSERTED) 


G (CONTROLLED) 



AC TEST LOADS 
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MCM4180-20 


COMPARE CYCLE (See Note 1) 


Characteristic 

Symbol 

MCM4180-20 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Compare Cycle Time 

tAVAV 

tc 

20 

- 

ns 


Address Valid to Match Valid 



- 

20 

ns 


G High to Match Valid 

tGHMV 

tGCA 

_ 

15 

ns 


Data Valid to Match Valid 

tDVMV 

tDCA 

- 

10 

ns 


Match Hold from ^ Low 

tGLMX 

tCH 

0 

15 

ns 


Match Hold from Address Change 

tAXMX 

tACH 

5 

- 

ns 


Match Hold from Data Invalid 

tDXMX 

tDCH 

3 

- 

ns 


G Low to Output Active 


tLZ 

3 

- 

ns 

2 

S High to Output High-Z 

tGHOZ 

tHZ 

- 

8 

ns 

2 


NOTES: 

1. A compare cycle is performed when CLR, W, and G are alt high. 

2. Transition is measured ±500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 


COMPARE CYCLE 



(G CONTROLLED) 




XZ 


- tAVMV - 


£ 


tQHQZ- 


— tGHMV - 
tOVMV- 






> 




tGLQX 


WXZ7 


• tGLMX 
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MCM4180-20 


WRITE CYCLE (See Note 1) 


Characteristic 

Symbol 

MCM4180-20 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Write Cycle Time 

tAVAV 

twc 

20 

- 



Write Pulse Width 


twEW 

14 

- 

n^ 


Address Setup to Beginning of Write 


tAS 

0 

- ' 



Address Valid to End of Write 



16 

- 

ns 


Data Valid to End of Write 


tDS 

10 

- 

IQIII 


Data Hold from Write End 

tWHDX 

tDH 

0 

- 

IB9I1 


Write Low to Output High-Z 

tWLQZ 

tHZ 

0 

8 

ns 

2 

Address Hold from Write End 

tWHAX 

BSBlI 

0 

- 

ns 


Write Low to Match Assert 

tWLMX 


0 

15 

ns 


Write High to Match Valid 

tWHMV 


- 


ns 


Write High to Output Active 

tWHQX 

tLZ 

3 


ns. 

2 


NOTES: _ 

1. A write occurs during the overlap of W low and CLR high. 

2. Transition is measured ±500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 


WRITE CYCLE 


(FROM A READ CYCLE) 



MATCH 


(ASSERTED) 


(FROM A COMPARE CYCLE) 
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MCM4180-20 


CLEAR CYCLE (See Note 1) 


Characteristic 

Symbol 

MCM4180-20 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

CLR Low to Inputs Recognized A 

tCLAV 

tCR 

- 

70 

ns 

2 

(Clear Cycle Time) G 

tCLGV 

tCR 





W 

tCLWV 

tCR 





D 

tCLDV 

tCR 





aJR Pulse Width 

tCLCH 

tCLP 

20 

- 


2 

CLR Low to Inputs Don't Care A 

tCLAX 

111^311 

mm 

- 

ns 


S 

tCLGX 






D 

tCLDX 






W 

tCLWX 






CLR Low to Match Assert 

tCLMX 

tMH 

0 

15 

ns 


CLR Low to Output High-Z 

tCLQZ 

tcz 

- 

15 

ns 

3 


NOTES: _ 

1 . The address, data, W, and G inputs are a don't care during a clear cycle. 

2. The clear cycle is initiated at the falling edge of CLR. 

3. Transition is measured ±500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 


CLEAR CYCLE 



-♦ICLAX-^ 


^tCLAX 

A (ADDRESS) ^ 

xxxxxxx 



G (OUTPUT ENABLE) 


CLR (CLEAR) 


W (WRITE ENABLE) 


0 (DATA IN) < 


Q (DATA OUT) 


MATCH 


U-tCLGX-H 


-*CLAV- 


y//////// 


-tCLGV - 


^ ^ ICLCH l y 


k-tCLWXH 




-ICLWV- 


tCLOV •A 


K^clqz-^ 

3 


(ASSERTED) 








(G = V,h) 

\ 



^ICLWX-^ 






^tCLDX-»-| 


1 




-tCLDV- 


- HIGHZ- 


U-tCLMX-^ 


MATCH VALID n 

\ 
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MCM4180-20 


ORDERING INFORMATION 
(Order by Full Part Number) 


Motorola Memory Prefix- 
Part Number 


MCM 4180 X XX XX 

T 


Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Speed (20-20 ns) 

Package {P = Plastic DIP, J = Plastic SOJ) 


Full Part Numbers- MCM4180P20 
MCM4180J20 
MCM4180J20R2 


MOTOROLA MEMORY DATA 
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MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 


MCM6292 


1 6K X 4 Bit Synchronous Static RAM 

with Transparent Outputs 

The MCM6292 is a 65,536 bit synchronous static random access memory organized as 
16,384 words of 4 bits, fabricated using Motorola's second-generation high-performance 
silicon-gate CMOS (HCMOS III) technology. The device integrates input registers, high 
speed SRAM, and high-drive capability output latching onto a single monolithic circuit for 
reduced parts count implementation of cache data RAM and writeable control store 
applications. 

Synchronous design allows precise cycle control with the use of an external clock (K), 
while CMOS circuitry reduces the overall power consumption of the integrated functions 

for greater reliability. _ 

The address {A0-A13), data (D0-D3), write (W), and chip enable (E) inputs are all clock 
(K) controlled, positive-edge-triggered, noninverting registers. 

The MCM6292 provides transparent output operation when K is low for access of RAM 
data within the same cycle (output data is latched when K is high). 

Write operations are internally self-timed and initiated by the rising edge of the K input. 
This feature eliminates complex off-chip write pulse generation and provides increased 
flexibility for incoming signals. 

The MCM6292 is available In a 3(X)-mll, 28-pin plastic DIP as well as a 400-mil, 28-pin 
plastic SOJ package. 

• Single 5 V ±10% Power Supply 

• Fast Access and Cycle Times: 25/30/35 ns Max 

• Address, Data Input, E, and W Registers On-Chip 

• Transparent Output Latch for Access Within the Same Cycle 

• High Output Drive Capability 

• Internally Self-Timed Write Pulse Generation 

• Separate Data Input and Data Output Pins 

• High Board Density SOJ Package Available 

• Typical Applications: General-Purpose Buffer Storage, Writeable Control Store, Data 

Cache, or Cache Tag 


BLOCK DIAGRAM 




PIN ASSIGNMENT 

A5[ 

1 • 

28 

IVcc 

A6[ 

2 

27 

]A4 

A7[ 

3 

26 

]A3 

A8[ 

4 

25 

]A2 

A9[ 

5 

24 

1A1 

A10[ 

6 

23 

]A0 

A1l[ 

7 

22 

]D3 

A12[ 

8 

21 

]D2 

A13[ 

9 

20 

]Q3 

D0[ 

10 

19 

]Q2 

D1[ 

11 

18 

IQI 

E[ 

12 

17 

]Q0 

K[ 

13 

16 

iw 

Vss[ 

14 

15 

IVSSQ* 

*For minimum cycle/low noise 
applications, VssQ should be 
isolated from Vss- 


PIN NAMES 


A0-A13 Address inputs 

W Write Enable 

1 Chip Enable 

D0-D3 Data Inputs 

Q0-Q3 Data Outputs 

K Clock Input 

Vcc + 5 V Power Supply 

Vss Ground 

VssQ Output Buffer Ground 
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MCM6292 


TRUTH TABLE 


I 

W 

Operation 

Q0-Q3 

L 

L 

Write 

HighZ 

L 

H 

Read 

Dout 

H 

X 

Not Selected 

HighZ 


NOTE: The values of E and W are valid inputs for the setup and hold times relative to 
the K rising edge. 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss=VsSQ=0 V> 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Voltage Relative to Vss/VssQ Any 

Pin Except Vcc 

Vin, Vout 

-0.5 to Vcc + 0.5 

V 

Output Current (per I/O) 

•out 

±20 

mA 

Power Dissipation (Ta=25°C) 

Pd 

1.0 

W 

Temperature Under Bias 

Tbias 

— 10 to +85 

°C 

Operating Temperature 

Ta 

0 to +70 

°C 

Storage Temperature 

^sta 

-55 to +125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 

This is a synchronous device. All synchron- 
ous inputs must meet the specified setup 
and hold times with stable logic levels for 
ALL rising edges of clock (K) while the de- 
vice is selected. 

This device contains circuitry that will en- 
sure the output devices are in High Z at 
power up. Care should be taken by the user 
to ensure that all clocks are at V||_ or V|h 
during power up to prevent spurious read 
cycles from occurring. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

{Vcc = 5.0 V ±10%, Ta= 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss=VsSQ“0 V) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.0 

- 

Vcc + 0.3 

V 

Input Low Voltage 

V|L 

-0.5* 

- 

0.8 

V 


*V|L (min)= -0.5 V dc; V|l (min)= -3.0 V ac (pulse width <20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vjp=0 to Vcc) 

■ika(l) 

- 

q 

-H 

liA 

Output Leakage Current (E=V|n, Vout^O to VcC/ Outputs must be high-Z) 

•ikg(O) 

- 

±1.0 

HA 

AC Supply Current (E=V|l, lout=0 mA, All Inputs = V|l or V|h, Cycle 

Time^tKHKH min) 

•CCA 


llllllllll^ 

im 

Standby Current (1 =V|h, V|h^3.0 V, V|l^ 0.4 V, lout = 0 mA, Cycle 

Time^tKHKH •T^'n) 

•SBI 

- 


ng 

Output Low Voltage (loL= 12.0 mA) 

VOL 

- 

■Eoa 

HEH 

Output High Voltage (Iqh = - 10.0 mA) 

vqh 

2.4 


V 


CAPACITANCE (f=1.0 MHz, dV = 3.0 V, Ta = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Input Capacitance 

Cin 

4 

6 

PF 

Output Capacitance 

•^out 

7 

10 

PF 
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MCM6292 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V +10%, Ta = 0 to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1A Unless Otherwise Noted 

Input Rise/ Fall Time 5 ns 


READ CYCLE (See Note 1) 


Parameter 

Symbol 

MCM6292-25 

MCM6232-30 

MCM6292-36 

Unit 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

tKHKH 

25 

- 

30 

- 

35 

- 

ns 

2 

Clock Access Time 


- 

25 

- 

30 

- 

35 

ns 

4, 6 

Data Valid from Clock Low 

tKLQV 

- 

10 

- 

13 

- 

15 

ns 


Output Hold from Clock Low 

tKLQX 

0 

- 

0 

- 

0 

- 

ns 

KBI 

Clock Low to Q High Z (E = V|h) 

tKLQZ 

- 


- 

13 

- 

15 

ns 


Clock Low Pulse Width 

tKLKH 

5 

- 

5 

- 

5 

- 



Clock High Pulse Width 

tKHKL 

5 

- 

5 

- 

5 

- 

mom 


Setup Times for: E 

A 

W 

tEVKH 

tAVKH 

tWHKH 

5 

■ 


■ 

■ 

■ 

H 

m 

Hold Times for: E 

A 

W 

tKHEX 

tKHAX 

tKHWX 

3 


3 


3 


ns 

7 


NOTES: _ 

1 . A read is defined by W high and E low for the setup and hold times. 

2. All read cycle timing is referenced from K. 

3. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. This parameter is sampled not 100% tested. 

4. For Read Cycle 1 timing, clock high pulse width <(tKHQV“tKLQVL 

5. For Read Cycle 2 timing, clock high pulse width ^(tKHQV~tKLQVL 

6. K must be at a low level for outputs to transition. 

7. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 


AC TEST LOADS 




Figure 1A 


Figure 1B 
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MCM6292 


WRITE CYCLE (W Controlled, See Note 1) 


Parameter 


MCMe292-25 

MCM6292-30 










Write Cycle Time 

tKHKH 

25 

- 

30 

- 

35 

- 


2 

Clock Low to Output High 2 

tKLQZ 

- 

10 

- 

13 

- 

15 

— 

3 

Setup Times for: 1 

A 

W 

D 

tEVKH 

tAVKH 

tWLKH 

tDVKH 


■ 


■ 

■ 

■ 


■ 

Hold Times for: 1 

A 

W 

D 

tKHEX 

tKHAX 

tKHWX 

tKHDX 


■ 

3 

■ 

3 

■ 


■ 


NOTES: _ 

1 . A write is performed when W and 1 are both low for the specified setup and hold times. 

2. All write cycle timing is referenced from K. 

3. K must be at a low level for outputs to transition. 

4. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 




tEVKH- 


UVKH 

A (ADDRESS) 

tDVKH 

D0-D3 


a 


tWLKH - 


-tKHKL- 


-tKLKH - 


1 


-tKHKH- 


r, 




-tKHEX 


tEVKH- 




\ 


'/////////^ WWWWW^ 


-tKHEX 


- tKHAX 


- tKHDX 




- tKHWX 




tKLQZ - 


Q0-Q3 


Qn-1 


5 


HIGH Z 
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MCM6232 


APPLICATIONS INFORMATION 


The Motorola family of synchronous SRAMs is designed to 
provide a performance and parts count advantage in appli- 
cations such as writeabie coritrol stores, memory mapping, 
and cache memory. The on-board input registers eliminate the 
need for external latch chips in systems where addresses and 
data are not on the bus long enough to satisfy standard SRAM 
setup and hold times. Latches on the output port provide 
extended hold times independent of address or other device 
input changes to better meet system access requirements. The 
clock (K) input controls the operation of the input registers 
and output latches, and provides a direct means of synchro- 
nizing the SRAM to a system clock. 

The MCM6292 offers transparent output operation, which 
allows output data access within the same tKHKH cycle. This 
feature lends itself well to applications requiring RAM data to 


be set up on the system bus prior to the next rising clock edge. 
On the rising edge of the clock (K) signal, the output data for 
the previous cycle is latched until the next falling clock edge. 
When the clock (K) signal is low, the output is allowed to 
transition relative to the most recent rising clock (K) edge. 

Figure 2 shows a typical system configuration using four 
MCM6292 chips. The system addresses are tied to the 
MCM6292S in parallel, while system data is distributed among 
the four input data ports of 4 bits each. Output data is tied to 
a separate output data bus to exploit the separate I/O con- 
figuration of the MCM6292. The clock (K) signal is a logical 
derivation of the system clock. 

Figure 3 shows typical bus timing for the configuration of 
Figure 2. The system bus supplies address, data, and control 
signals, while accepting data from the memory on rising clock 
edges. In some applications, the clock (K) signal may need to 
be a delayed system clock to allow adequate address and data 
setup times. 



BUS 

*From read/ write controller. 


Figure 2. Typical Configuration for a 16-Bit Bus 


MOTOROLA MEMORY DATA 


5-30 








MOTOROLA MEMORY DATA 






MCM6292 


ORDERING INFORMATION 
(Order by Full Part Number) 


Motorola Memory Prefix - 
Part Number 


MCM 6292 X XX XX 

T 


-Shipping Method (R2=Tape & Reel, Blank = Rails) 

- Speed (25 = 25 ns, 30 = 30 ns, 35 = 35 ns) 

- Package (P = Plastic DIP, J = Plastic SOJ) 


Full Part Numbers- MCM6292P25 
MCM6292P30 
MCM6292P35 


MCM6292J25 MCM6292J25R2 

MCM6292J30 MCM6292J30R2 

MCM6292J35 MCM6292J35R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


16Kx4 Bit Synchronous Static RAM 

with Output Registers 

The MCM6293 is a 65,536 bit synchronous static random access memory organized as 
16,384 words of 4 bits, fabricated using Motorola's second-generation high-performance 
silicon-gate CMOS (HCMOS III) technology. The device integrates input registers, high 
speed SRAM, and high-drive capability output registers onto a single monolithic circuit for 
reduced parts count implementation of cache data RAM and writeable control store 
applications. 

Synchronous design allows precise cycle control with the use of an external clock (K), 
while CMOS circuitry reduces the overall power consumption of the integrated functions 

for greater reliability. _ 

The address (A0-A13), data (D0-D3), write (W), and chip enable (E) inputs are all clock 
(K) controlled, positive-edge-triggered, noninverting registers. 

The MCM6293 provides output register operation. At the rising edge of K, the RAM 
data from the previous K high cycle is presented. This function is well suited to fully pipe- 
lined applications. 

Write operations are internally self-timed and initiated by the rising edge of the K input. 
This feature eliminates complex off-chip write pulse generation and provides increased 
flexibility for incoming signals. 

The MCM6293 is available in a 3(X)-mil, 28-pin plastic DIP as well as a 400-mil, 28-pin 
plastic SOJ package. 

• Single 5 V ± 10% Power Supply 

• Fast Cycle Times: 20/25/30 ns Max 

• Fast Clock (K) Access_TimesM0/13/15 ns Max 

• Address, Data Input, E, and W Registers On-Chip 

• Output Registers for Fully Pipelined Applications 

• High Output Drive Capability 

• Internally Self-Timed Write Pulse Generation 

• Separate Data Input and Data Output Pins 

• High Board Density SOJ Package Available 

• Typical Applications: General-Purpose Buffer Storage, Writeable Control Store, Data 

Cache, or Cache Tag 


BLOCK DIAGRAM 



MCM6293 



300 MIL PLASTIC 
CASE 710A 


J PAC 


J PACKAGE 
PLASTIC 
CASE 810 


PIN ASSIGNMENT 

A5[ 

1 • 

28 

Ivcc 

A6[ 

2 

27 

]A4 

A7[ 

3 

26 

1A3 

A8[ 

4 

25 

lA2 

A9[ 

5 

24 

lAl 

A10[ 

6 

23 

]A0 

A11[ 

7 

22 

]D3 

A12[ 

8 

21 

]D2 

A13[ 

9 

20 

]Q3 

D0[ 

10 

19 

]Q2 

Dll 

11 

18 

]Q1 

f[ 

12 

17 

]Q0 

Kl 

13 

16 

]w 

Vss I 

14 

15 

IVSSQ* 

*For minimum cycle/low noise 
applications, VsSQ should be 
Isolated from Vss- 


PIN NAMES 


A0-A13 Address Inputs 

W Write Enable 

1 Chip Enable 

D0-D3 . Data Inputs 

Q0-Q3 Data Outputs 

K Clock Input 

V0C -I- 5 V Power Supply 

Vss Ground 

VssQ Output Buffer Ground 
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TRUTH TABLE 


E 

w 

Operation 

Q0-Q3 

L 

L 

Write 

High? 

L 

H 

Read 

□out 

H 

X 

Not Selected 

HighZ 


NOTE: The values of E and W are valid inputs for the setup and hold times relative to 


the K rising edge. 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss=VsSQ=Q V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to -1-7.0 

V 

Voltage Relative to Ys^/VssQ Any 

Pin Except Vcc 

Vin. Vout 

-0.5 to Vcc +0-5 

V 

Output Current (per I/O) 

•out 

±20 

mA 

Power Di^ipation (Ta=25°C) 

pd 

1.0 

W 

Temperature Under Bias 

Tbias 

-10 to +85 

°C 

Operating Temperature 

ta 

Oto +70 

°C 

Storage Temperature 

^stg 

-55 to +125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 

This is a synchronous device. All synchron- 
ous inputs must meet the specified setup 
and hold times with stable logic levels for 
ALL rising edges of clock (K) while the de- 
vice is selected. 

This device contains circuitry that will en- 
sure the output deyices are in High Z at 
power up. Care should be taken by the user 
to ensure that all clocks are at V|i_ or V|h 
during power up to prevent spurious read 
cycles from occurring. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss=VSSQ=^Q V) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V‘ 

Input High Voltage 

V|H 

2.0 

- 

Vcc + 0.3 

V 

Input Low Voltage 

V|L 

-0.5* 

- 

0.8 

V 


*V|L (min) = -0.5 V dc; Vil (min) =? -3.0 V ac (pulse width <20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vjn=0 to Vcc) 

l|ka(l) 

- 


/lA 

Output Leakage Current (1= V|h, Vout=0 to VcC/ Outputs must be high-Z) 

'lka(O) 

- 

±1.0 

nA 

AC Supply Current (E = V|l, lout~0 mA, All Inputs = V|h or V|l, Cycle 

Time ^tKHKH min) 

ICCA 

- ^ 


mA 

Standby Current (E = V|h, V(Ha:3.0 V, V|l< 0.4 V, lout'^'O mA, Cycle 

Time2:tKHKH min) 

>SB1 

- 

55 

mA 

Output Low Voltage (loL= 12.0 mA) 

VOL 

- 

0.4 

V 

Output High Voltage (loH= “10.0 mA) 


2.4 

- 

V 


CAPACITANCE (f=1.0 MHz, dV=3.0 V, Ta = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Input Capacitance 

Cin 

4 

6 

PF 

Output Capacitance 

Cout 

7 

10 

PF 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5 0 V ±10%, TA = 0to +70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V 

Input Rise/ Fall Time 5 ns 


Output Timing Measurement Reference Level 1.5 V 

Output Load See Figure 1A Unless Otherwise Noted 


READ CYCLE (See Note 1) 


Parameter 

Symbol 

MCM6293-20 

MCM6293-2B 

MCM629S-30 

Unit 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

^KHKH 

20 

- 

25 

- 

30 

- 

ns 

2 

Clock Access Time 

tKHQV 

- 


- 


- 

13 

ns 

3 

Output Active from Clock High 

tKHQX 

0 

- 

0 

- 


- 

ns 

4 

Clock High to Q High Z (I*V|h) 

tKHQZ 

_ 


- 


- 

13 

ns 

4 

Clock Low Pulse Width 


5 

- 

5 

- 

5 

- 



Clock High Pulse Width 


5 

- 

5 

- 

5 

- 

ns 


Setup Times for: 1 

A 

W 


■ 

■ 


■ 

■ 

■ 

ns 

5 

Hold Times for: 1 

A 

W 



■ 


■ 


■ 

ns 



NOTES: 

1 . A read is defined by W high and 1 low for the setup and hold times. 

2. All read cycle timing is referenced from K. 

3. Valid data from K high will be the data stored at the address of the last valid read cycle. 

4. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. This parameter is sampled not 100% tested. At any 

given voltage and temperature, t^HOZ ^KHQX given device. 

5. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 


AC TEST LOADS 




Figure 1A 


Figure IB 
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WRITE CYCLE (W Controlled, See Note 1) 


Parameter 

Symbol 

MCMe293-20 

MCM6293-2S 

MCMe293-30 

Unit 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

tKHKH 

20 

- 

25 

- 

30 

- 

ns 

2 

Clock High to Output High Z (W=V|l) 

tKHQZ 

- 

10 

- 

10 

- 

13 

ns 

3 

Setup Times for: 1 

A 

W 

D 

tEVKH 

tAVKH 

A/VLKH 

tDVKH 

5 


5 


5 


ns 

4 

Hold Times for: E 

A 

W 

D 

tKHEX 

tKHAX 

tKHWX 

tKHDX 

3 


3 


3 


ns 

4 


NOTES: _ 

1 . A write is performed when W and E are both iow for the specified setup and hold times. 

2. Ail write cycle timing is referenced from K. 

3. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. This parameter is sampled not 100% tested. At any 
given voltage and temperature, tKHQz max is less than tKHOX 'Tiin for a given device. 

4. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 


WRITE CYCLE 


K (CLOCK) 


E (CHIP ENABLE) 


A (ADDRESS) , 


W (WRITE ENABLE) 



tKHKH ► 

1 






/i 

/ 

-tEVKH 

tEVKHH 



-tKHKL tKLI 

-tKHEX tEVKH- 

CH ► 


“tKHEX 1 

i 


k 


'aSOBBOt 



m 

laBIBIHBHBBi 










H 


'mBmm 












-tWLKH 

BBS 

m 

■ 

WBBBBS 

■ 

II 

aBBBBBHS 

n 










SQ9[| 





BS 



4- tKHQV U 

■^tKHOZ 

^ highz 

1 On-2 ' 

/ 

k 
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APPLICATIONS INFORMATION 

The Motorola family of synchronous SRAMs is designed to 
provide a performance and parts count advantage in appli- 
cations such as writeable control stores, memory mapping, 
and cache memory. The on-board input registers eliminate the 
need for external latch chips in systems where addresses and 
data are not on the bus long enough to satisfy standard SRAM 
setup and hold times. Registers on the output port provide 
extended hold times independent of address or other device 
input changes to better meet system access requirements. The 
clock (K) input controls the operation of the input registers 
and output registers, and provides a direct means of syn- 
chronizing the SRAM to a system clock. 

The MCM6293 offers registered output operation. On the 


rising edge of the clock (K) signal, the output data for the 
previous cycle is latched until the next rising clock edge. 

Figure 2 shows a typical system configuration using four 
MCM6293 chips. The system addresses are tied to the 
MCM6293S in parallel, while system data is distributed among 
the four input data ports of 4 bits each. Output data is tied to 
a separate output data bus to exploit the separate I/O con- 
figuration of the MCM6293. The clock (K) signal is a logical 
derivation of the system clock. 

Figure 3 shows typical bus timing for the configuration of 
Figure 2. The system bus supplies address, data, and control 
signals, while accepting data from the memory on rising clock 
edges. In some applications, the clock (K) signal may need to 
be a delayed system clock to allow adequate address and data 
setup times. 



BUS 

*From read/ write controller. 


Figure 2. Typical Configuration for a 16-Bit Bus 
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MOTOROLA MEMORY DATA 


SYSTEM-GENERATED 

SIGNALS 


MCM6293 CONTROL 
AND OUTPUT SIGNALS 



W (WRITE ENABLE) 


Q0-Q3 (DATA OUT) 



NOTES: 

1 . The system supplies address, data, and control information and accepts data from memory on the rising edge of the system clock. 

2. The memory clock is delayed 10 ns (for this example) to allow input Information to propagate to the memory chips. 


Figure 3. Pipeline System Timing 
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ORDERING INFORMATION 
(Order by Full Part Number) 


Motorola Memory Prefix - 
Part Number 


MCM 6293 X XX XX 

X. 


-Shipping Method (R2 = Tape & Reel, Blank= Rails) 

- Speed (20 = 20 ns, 25 = 25 ns, 30 = 30 ns) 

- Package (P = Plastic DIP, J = Plastic SOJ) 


Full Part Numbers- MCM6293P20 MCM6293J20 

MCM6293P25 MCM6293J25 

MCM6293P30 MCM6293J30 


MCM6293J20R2 

MCM6293J25R2 

MCM6293J30R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MCM6294 


1 6K X 4 Bit Synchronous Static RAM 

with Output Registers and Output Enabie 


The MCM6294 is a 65,536 bit synchronous static random access memory organized as 
16,384 words of 4 bits, fabricated using Motorola's second-generation high-performance 
silicon-gate CMOS (HCMOS III) technology. The device integrates input registers, high 
speed SRAM, and high-drive capability output registers onto a single monolithic circuit for 
reduced parts count implementation of cache data RAM and writeable control store appli- 
cations. Synchronous design allows precise cycle control with the use of an external clock 
(K), while CMOS circuitry reduces the overall power consumption of the integrated func- 
tions for greater reliability. 

The address (A0-A13), data (D0-D3), and write (W) inputs are ail clock (K) controlled, 
positive-edge-triggered, noninverting registers. 

The MCM6294 provides output register operation. At the rising edge of K, the RAM 
data from the previous K high cycle is presented. This function is well suited to fully pipe- 
lined applications. _ 

The output enable (G) provides asynchronous bus control for common I/O or bank 
switch applications. 

Write operations are internally self-timed and initiated by the rising edge of the K input. 
This feature eliminates complex off-chip write pulse generation and provides increased 
flexibility for incoming signals. 

The MCM6294 is available in a 3(X)-mil, 28-pin plastic DIP as welt as a 400-mil, 28-pin 
plastic SOJ package. 

• Single 5 V ± 10% Power Supply 

• Fast Cycle Times: 20/25/30 ns Max 

• Fast Clock (K) Access Tirr^: 10/13/15 ns Max 

• Address, Data Input, and W Registers On-Chip 

• Output Enable for Asynchronous Bus Control 

• Output Registers for Fully Pipelined Applications 

• High Output Drive Capability 

• Internally Self-Timed Write Pulse Generation 

• Separate Data Input and Data Output Pins 

• High Board Density SOJ Package Available 

• Typical Applications: General-Purpose Buffer Storage, Writeable Control Store, Data 

Cache, or Cache Tag 


BLOCK DIAGRAM 




300 MIL PLASTIC 
CASE 710A 




J PACKAGE 
PLASTIC 
CASE 810 


PIN ASSIGNMENT 

Asi; 

1 • 

28 

3 Vcc 

A6E 

2 

27 

]A4 

A7t 

3 

26 

]A3 

Mi 

4 

25 

3A2 

A9| 

5 

24 

]A1 

A10[ 

6 

23 

]ao 

A1l[ 

7 

22 

]03 

A12[ 

8 

21 

]l>2 

A13[ 

9 

20 

]Q3 

D0[ 

10 

19 

]Q2 

01 [ 

11 

18 

lQ1 

G[ 

12 

17 

]qo 

K[ 

13 

16 

]w 

vssE 

14 

15 

3vssq* 

*For minimum cycle/ low noise 
applications, VssQ should be 
isolated from Vss- 


PIN NAMES 


A0-A13 Address Inputs 

W Write Enable 

G Output Enable 

D0-D3 Data Inputs 

Q0-Q3 Data Outputs 

K Clock Input 

Vcc + 5 V Power Supply 

Vss Ground 

VgSQ Output Buffer Ground 
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TRUTH TABLE 


w 

Operation 

Q0-Q3 

L 

Write 

HighZ 

H 

Read 

Dout 


NOTE: The value W is a valid input for the setup and hold times relative to the K rising 
edge. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss- VSSQ==Q 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to -1-7.0 

V 

Voltage Relative to Vss/VssQ for Any 

Pin Except Vcc 

Vin» Vout 

-0.5 to Vcc +0*5 

V 

Output Current (per I/O) 

•out 

±20 

mA 

Power Dissipation (Ta=25°C) 

Pd 

1.0 

W 

Temperature Under Bias 

Tbias 

-10 to -1-85 

°C 

Operating Temperature 

Ta 

Oto -t-70 

°C 

Storage Temperature 

I§!fl 

-55 to -J-125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This is a synchronous device. All synchron- 
ous inputs must meet the specified setup 
and hold times with stable logic levels for 
ALL rising edges of clock (K) while the de- 
vice is selected. 

This device contains circuitry that will en- 
sure the output devices are in High Z at 
power up. Care should be taken by the user 
to ensure that all clocks are at V|i, or Vih 
during power up to prevent spurious read 
cycles from occurring. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, Ta= 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = VsSQ=Q V) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.0 

- 

Vcc + 0.3 

V 

Input Low Voltage 

V|L 

-0.5* 

- 

0.8 

V 


*V|L (min)= -0.5 V dc; V|l (min)= -3.0 V ac (pulse width <20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vjn=0 to Vcc) 

llkfl(l) 

- 

±1.0 

yA 

Output Leakage Current (5 =V|h, Vout = 0 to VcC/ Outputs must be high-Z) 

l|ka(0) 

- 

±1.0 

AtA 

AC Supply Current (S=V|l, lout~0 mA, Cycle Time=tKHKH min) 

•CCA 

- 

140 


Output Low Voltage (loL = 12-0 mA) 

VOL 

- 

0.4 

V 

Output High Voltage (Iqh = “ lO-O mA) 


2.4 

- 

V 


CAPACITANCE {f=1.0 MHz, dV=3.0 V, Ta= 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Input Capacitance 

HBflH 

4 

6 

PF 

Output Capacitance 


7 

10 

PF 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, Ta = 0 to ±70°C, Unless Othen^/ise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1A Unless Otherwise Noted 

Input Rise/Fall Time 5 ns 


READ CYCLE (See Note 1) 


Parameter 

Symbol 

MCMe294-20 

MCM6294-25 

MCM6294-30 

Unit 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

tKHKH 

20 

- 

25 

- 

30 

- 

ns 

2 

Clock Access Time 

tKHQV 

- 

10 

- 

10 

- 

mm 

ns 

3 

Output Active from Clock High 

tKHQX 

0 

- 

0 

- 

0 

- 

ns 

4 

Clock Low Pulse Width 

tKLKH 

5 

_ 

5 

_ 

5 

_ 

ns 


Clock High Pulse Width 

tKHKL 

5 

- 

5 

- 

5 

T- 

ns 


Setup Times for: A 

W 



- 


- 

m 

- 

ns 

5 

Hold Times for: A 

W 


3 

- 

3 

- 

3 

- 

ns 

m 

^ High to Q High Z 

tGHQZ 

- 

10 

- 

10 

- 

13 

ns 

mm 

G Low to Q Active 


0 

- 

0 

- 

0 

- 

ns 

4, 6 

15 Low to Q Valid 

tGLQV 

- 

10 

- 

10 

- 

13 

ns 



NOTES: _ 

1 . A read is defined by W high for the setup and hold times. 

2. All read cycle timing is referenced from K or from S. 

3. Valid data from K high will be the data stored at the address of the last valid read cycle. 

4. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. This parameter is sampled not 100% tested. 

5. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 

6. At any given voltage and temperature, tenOZ I®®® ^glox ftiin for a given device. 


AC TEST LOADS 




Figure 1A 


Figure IB 
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WRITE CYCLE (W Controlled, See Note 1) 


Parameter 

Symbol 

MCMe294-20 

MCM6294-2S 

MCM6294-30 

Unit 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 


20 

- 

25 

- 

30 

- 

ns 

2 

Clock High to Output High Z (W=V|l) 

tKHQZ 

- 

10 

- 

10 

- 

13 

mm 

3 



- 

10 

- 


- 

13 

ns 

4 

Setup Times for: A 

W 

D 

tAVKH 

tWLKH 

tDVKH 

■ 

■ 


■ 

5 


ns 


Hold Times for: A 

W 

D 

tKHAX 

tKHWX 

tKHDX 

3 

■ 


■ 


■ 




NOTES: _ 

1 . A write is performed when W is low for the specified setup and hold times. 

2. All write cycle timing is referenced from K or from 

3. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. At any given voltage and temperature, t^noz ‘S 
less than t^HOX for a given device. 

4. € becomes a don't care signal for successive writes after the first write cycle. 

5. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 


WRITE CYCLE 

(SEPARATE I/O MODE) 


(COMMON I/O MODE) 
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APPLICATIONS INFORMATION 

the Motorola family of synchronous SRAMs is designed to 
provide a performance and parts count advantage in appli- 
cations such as writeable control stores, memory mapping, 
and cache memory. The on-board input registers eliminate the 
need for external latch chips In systems where addresses and 
data are not on the bus long enough to satisfy standard SRAM 
setup and hold times. Registers on the output port provide 
extended hold times independent of address or other device 
input changes to better meet system access requirements. The 
clock (K) input controls the operation of the input registers 
and output registers, and provides a direct means of syn- 
chronizing the SRAM to a system clock. 

The MCM6294 offers registered output operation. On the 


rising edge of the clock (K) signal, the output data for the 
previous cycle is latched until the next rising clock edge. 

Figure 2 shows a typical system configuration using four 
MCM6294 chips. The system addresses are tied to the 
MCM6294S in parallel, while system data is distributed among 
the four input data ports of 4 bits each. Output data is tied to 
a separate output data bus to exploit the separate I/O con- 
figuration of the MCM6294. The clock (K) signal is a logical 
derivation of the system clock. 

Figure 3 shows typical bus timing for the configuration of 
Figure 2. The system bus supplies address, data, and control 
signals, while accepting data from the memory on rising clock 
edges. In some applications, the clock (K) signal may need to 
be a delayed system clock to allow adequate address and data 
setup times. 



BUS 

*From read/write controller. 


Figure 2. Typical Configuration for a 16-Bit Bus 
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MOTOROLA MEMORY DATA 


SYSTEM-GENERATED 


SIGNALS 
SYSTEM CLOCK 

ADDRESS 

CONTROL 

WRITE DATA 

MCM6294 CONTROL 
AND OUTPUT SIGNALS 

K (CLOCK) 

W (WRITE ENABLE) 

G (OUTPUT ENABLE) 

00-03 (DATA OUT) 



NOTES: 

1 . The system supplies address, data, and control information and accepts data from memory on the rising edge of the system clock. 

2. The memory clock is delayed 10 ns (for this example) to allow input information to propagate to the memory chips. 

Figure 3. Pipeline System Timing 
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ORDERING INFORMATION 
(Order by Full Part Number) 


Motorola Memory Prefix - 
Part Number 


MCM 6294 X XX XX 

I. 


Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Speed (20 = 20 ns, 25 = 25 ns, 30 = 30 ns) 

Package {P = Plastic DIP, J = Plastic SOJ) 


Full Part Numbers- MCM6294P20 MCM6294J20 

MCM6294P25 MCM6294J25 

MCM6294P30 MCM6294J30 


MCM6294J20R2 

MCM6294J25R2 

MCM6294J30R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MCM6295 


1 6K X 4 Bit Synchronous Static RAM 

with Transparent Outputs and Output Enable 


The l\/ICM6295 is a 65,536 bit synchronous static random access memory organized as 
16,384 words of 4 bits, fabricated using Motorola's second-generation high-performance 
silicon-gate CMOS (HCMOS III) technology. The device integrates input registers, high 
speed SRAM, and high-drive capability output latching onto a single monolithic circuit for 
reduced parts count implementation of cache data RAM and writeable control store appli- 
cations. Synchronous design allows precise cycle control with the use of an external clock 
(K), while CMOS circuitry reduces the overall power consumption of the integrated func- 
tions for greater reliability. 

The address (A0-A13), data (D0-D3), and write (W) inputs are all clock (K) controlled, 
positive-edge-triggered, noninverting registers. 

The MCM6295 provides transparent output operation when K is low for access of RAM 
data within the same cycle (output data is latched when K is high). 

The output enable (G) provides asynchronous bus control for common I/O or bank 
switch applications. 

Write operations are internally self-timed and initiated by the rising edge of the K input. 
This feature eliminates complex off-chip write pulse generation and provides Increased 
flexibility for incoming signals. 

The MCM6295 is available in a 300-mll, 28-pin plastic DIP as well as a 400-mil, 28-pin 
plastic SOJ package. 

• Single 5 V ± 10% Power Supply 

• Fast Access and Cycle Tirnes: 25/30/35 ns Max 

• Address, Data Input, and W Registers On-Chip 

• Transparent Output Latch for Access Within the Same Cycle 

• Output Enable for Asynchronous Bus Control 

• High Output Drive Capability 

• Internally Self -Timed Write Pulse Generation 

• Separate Data Input and Data Output Pins 

• High Board Density SOJ Package Available 

• Typical Applications: General-Purpose Buffer Storage, Writeable Control Store, Data 

Cache, or Cache Tag 


BLOCK DIAGRAM 




300 MIL PLASTIC 
CASE 710A 




J PACKAGE 
PLASTIC 
CASE 810 


PIN ASSIGNMENT 

A5E 

1 • 

28 

Ivcc 

A6E 

2 

27 

]A4 

A7l 

3 

26 

]A3 

A8[ 

4 

25 

]A2 

A9[ 

5 

24 

]A1 

aioE 

6 

23 

]ao 

A1l[ 

7 

22 

]D3 

AI 2 E 

8 

21 

]D2 

A13E 

9 

20 

]Q3 

doE 

10 

19 

]Q2 

DIE 

11 

18 

]Q1 

gE 

12 

17 

]qo 

kE 

13 

16 

]w 

Vsst 

14 

15 

IVSSQ* 

*For minimum cycle/ low noise 
applications, VssQ should be 
isolated from Vss- 


PIN NAMES 


A0-A13 Address Inputs 

W Write Enable 

G Output Enable 

D0-D3 Data Inputs 

Q0-Q3 Data Outputs 

K Clock Input 

Vcc + 5 V Power Supply 

Vgs Ground 

VsSQ Output Buffer Ground 
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MCM6295 


TRUTH TABLE 


w 

Operation 

Q0-Q3 

L 

Write 

HighZ 

H 

Read 

Dout 


NOTE: The value W is a valid input for the setup and hold times relative to the K rising 
edge. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid applicatidn of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss=VssQ=0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Voltage Relative to Vss/VssQ for Any 

Pin Except Vcc 

Vin. Vout 

-0.5 to Vcc +0-5 

V 

Output Current (per I/O) 

*out 

±20 

mA 

Power Dissipation (Ta=25°C) 

Pd 

1.0 

W 

Temperature Under Bias 

^bias 

— 10 to + 85 

°C 

Operating Temperature 

Ta 

Oto +70 

°C 

Storage Temperature 

Istfl 

-55 to +125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This is a synchronous device. All synchron- 
ous inputs must meet the specified setup 
and hold times with stable logic levels for 
ALL rising edges of clock (K) while the de- 
vice is selected. 

This device contains circuitry that will en- 
sure the output devices are in High Z at 
power up. Care should be taken by the user 
to ensure that all clocks are at V||_ or V|h 
during power up to prevent spurious read 
cycles from occurring. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta= 0 to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss=VsSQ=0 


Parameter 

Symbol 


Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.0 

- 

Vcc + 0.3 

V 

Input Low Voltage 

VlL 

-0.5* 

- 

0.8 

V 


*V|L (min)= -0.5 V dc; V|l (min)= -3.0 V ac (pulse width <20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vjr, = 0 to Vcc) 

l|kg(l) 

- 

±1.0 

>A 

Output Leakage Current (S = V|h, Vout=0 to VcC/ Outputs must be In hIgh-Z) 

hka(O) 

- 

±1.0 

mA 

AC Supply Current (G = V|l, lout==0 mA) 


- 

140 


Output Low Voltage (Iol = 12.0 mA) 

VoL 

- 

0.4 

V 

Output High Voltage (Iqh = “ ^0.0 mA) 

VOH 

2.4 

- 

V 


CAPACITANCE (f=1.0 MHz, dV = 3.0 V, Ta= 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 





Input Capacitance 

Cin 

4 

6 

PF 

Output Capacitance 

Cout 

7 

10 

pF 
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MCM6295 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta= 0 to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1A Unless Otherwise Noted 

Input Rise/Fall Time 5 ns 


READ CYCLE (See Note 1) 


Parameter 

Symbol 

MCMe295-2S 

MCM6296-30 

MCMe29&-35 

Unit 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Road Cycle Time 

tKHKH 

25 

- 

30 

- 

35 

- 

ns 

2 

Clock Access Time 

tKHQV 

- 

25 

- 

|[||3I| 

- 


moil 

4, 6 

Data Valid from Clock Low 


- 

10 

- 

13 

- 

15 

ns 

IQQI 

Output Hold from Clock Low 

tKLQX 

0 

- 

0 

- 


_ 

ns 

3,6 

Clock Low Pulse Width 

tKLKH 

5 

- 

5 

- 

5 

- 

ns 


Clock High Pulse Width 


5 

- 

5 

- 

5 

- 

ns 


Setup Times for: A 

W 


5 

- 

5 

- 

5 

- 


■ 

Hold Times for: A 

W 

tKHAX 

tKHWX 

3 

- 

3 

- 


- 

13 

■ 

Tj High to Q High Z 

tGHOZ 

- 

10 

- 

13 

- 

15 

ns 

8 

S Low to Q Active 

tGLQX 

0 

- 

0 

- 


- 

3ESIilli 

8 

G Low to Q Valid 

tGLQV 

- 

10 

- 

13 

- 

15 

ns 



NOTES: __ 

1 . A read is defined by W high for the setup and hold times. 

2. All read cycle timing is referenced from K or from 

3. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. This parameter is sampled not 100% tested. 

4. For Read Cycle 1 timing, clock high pulse width <(tKHQV“tKLQV)- 

5. For Read Cycle 2 timing, clock high pulse width 2:(tKHQV~tKLQV)- 

6. K must be at a low level for outputs to transition. 

7. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 

8. At any given voltage and temperature, tGHOZ ^GLQX ^ O'ven device and from device to device. 


AC TEST LOADS 




Figure 1A 


Figure IB 
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MCM6295 


READ CYCLE 1 (See Note 1) 


G 


A (ADDRESS) 


W 


5 


Q0-Q3 



READ CYCLE 2 (See Note 2) 



NOTES: 

1. For Read Cycle 1 timing, clock high pulse width <(tKHQV~tKLQV)- 

2. For Read Cycle 2 timing, clock high pulse width ^(tKHQV'tKLQV^- 
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MCM6295 


WRITE CYCLE (W Controlled, See Note 1) 


Parameter 

Symbol 

MCM6295-25 

MCMe295-30 

MCMe295-35 

Unit 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

^KHKH 

25 

- 

30 

- 

35 

- 

IIIQIII 

2 

Clock Low to Output High Z (W=V(l) 

tKLQZ 

- 

10 

- 

13 

- 

15 

HSI 

3 

G High to Q High Z 

tGHQZ 

- 

10 

- 


_ 

15 

IIQIIIII 

4 

Setup Times for: A 

W 

D 

tAVKH 

tWLKH 

tDVKH 

5 

■ 


■ 

■ 

■ 


■ 

Hold Times for: A 

W 

0 



■ 


■ 

■ 

■ 


■ 


NOTES: __ 

1 . A write is performed when W is low for the specified setup and hold times. 

2. All write cycle timing is referenced from K. 

3. K must be at a low level for outputs to transition. 

4. S becomes a don't care signal for successive writes after the first write cycle. 

5. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 




G 


A (ADDRESS) 


D0-D3 


W 


Q0-Q3 


tKHKH 


■ 


smiii 

fUm 


S 

tKHAX 





WMMMm 

■1 



IBH 


S 

tKHDX 



mmism 


wmmmm 

■ 

SBBBjjjg 


■nil 

BBS 

S 

tKHWX 


9HR 

HHBHBBHK 



immaui 

PREVIOUS DATA 

U 

tKLOZ 

HIGH Z 
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APPLICATIONS INFORMATION 


The Motorola family of synchronous SRAMs Is designed to 
provide a performance and parts count advantage In appli- 
cations such as writeable control stores, memory mapping, 
and cache memory. The on-board Input registers eliminate the 
need for external latch chips in systems where addresses and 
data are not on the bus long enough to satisfy standard SRAM 
setup and hold times. Latches on the output port provide 
extended hold times independent of address or other device 
Input changes to better meet system access requirements. The 
clock (K) input controls the operation of the input registers 
and output latches, and provides a direct means of synchro- 
nizing the SRAM to a system clock. 

The MCM6295 offers transparent output operation, which 
allows output data access within the same t^HKH cycle. This 
feature lends itself well to applications requiring RAM data to 


be set up on the system bus prior to the next rising clock edge. 
On the rising edge of the clock (K) signal, the output data for 
the previous cycle is latched until the next falling clock edge. 
When the clock (K) signal is low, the output is allowed to 
transition relative to the most recent rising clock (K) edge. 

Figure 2 shows a typical system configuration using four 
MCM6295 chips. The system addresses are tied to the 
MCM6295S in parallel, while system data is distributed among 
the four input data ports of 4 bits each. Output data is tied to 
a separate output data bus to exploit the separate I/O con- 
figuration of the MCM6295. The clock (K) signal Is a logical 
derivation of the system clock. 

Figure 3 shows typical bus timing for the configuration of 
Figure 2. The system bus supplies address, data, and control 
signals, while accepting data from the memory on rising clock 
edges. In some applications, the clock (K) signal may heed to 
be a delayed system clock to allow adequate address and data 
setup times. 



BUS 

*From read/ write controller. 


Figure 2. Typical Configuration for a 16-Bit Bus 
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MOTOROLA MEMORY DATA 


SYSTEMGENERATED 



NOTES: 

1 . The system supplies address, data, and control information and accepts data from memory on the rising edge of the system clock. 

2. The memory clock is delayed 10 ns (for this example) to allow input information to propagate to the memory chips. 

Figure 3. Nonpipeline System Timing 
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MCM6295 


ORDERING INFORMATION 
(Order by Full Part Number) 


Motorola Memory Prefix - 
Part Number 


MCM 6295 X XX XX 

T 


■ Shipping Method (R2 = Tape & Reel, Blank = Rails) 
-Speed (25 = 25 ns, 30 = 30 ns, 35 = 35 ns) 

-Package {P = Plastic DIP, J = Plastic SOJ) 


Full Part Numbers- MCM6295P25 MCM6295J25 

MCM6295P30 MCM6295J30 

MCM6295P35 MCM6295J35 


MCM6295J25R2 

MCM6295J30R2 

MCM6295J35R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


4K X 4 Bit Cache Address Tag 
Comparator 

with System Status Bit Functions 

The MCM62350 is a 16,384 bit cache address tag comparator organized as 4096 tags 
of 4 bits, fabricated using Motorola's high-performance silicon-gate CMOS technology. 
The device integrates a 4K x 4 SRAM core, an on-board comparator, and special pin 
functions for tag valid and system status bit applications. These functions allow easy 
interface to the MC68020 and MC68030 microproCe^ors, or any other environment 
where efficient implementation of external cache memory is required. The MCM62350 is 
available in 24 lead plastic JDIP and SOJ packages. 

The device has a reset (R) pin for flash clear of the RAM within two minimum cycles. 
This function is usefu l for s yste m initia lization. Individual bits within a tag field can be 
set or cleared via the BSET and BCLR control Input pins for valid bit updates. 

The MCM62350 has two configurable comparator modes. The comparator can be con- 
figured as standard XNOR (exclusive NOR) for address tag comparison, or AOI (AND- 
OR-Invert) for determining whether specific bits In the 4-bit word are set (for system 
status bit applications). In addition, the match output can be programmed as true high 
or true low for potential logic delay savings. The configuration of these modes is accom- 
plished by performing a write cycle with the R pin held low. 

• Single 5 V ± 10% Power Supply 

• Fast Address to Match Time; 22/25/30 ns max 

• Fast Data to Match Time; 10/12/15 ns max 

• Fast Read of Tag RAM Contents; 25/30/35 ns max 

• Flash Clear of the Tag RAM; 70/70/70 ns max 

• Programmable Active Outpu t Leve l of Match 

• Bit Manipulation of Tags via BSET and BCLR Writes 

• Configurable Comparator Modes: XNOR Mode for Address Tag Comparison 

AOI Mode for System Valid Bit Comparison 


DQ0-DQ3- 
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ADDRESS 
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BLOCK DIAGRAM 

7 ^ 
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DECODER 


i; 


CLEAR 

BUFFER 


CONFIG. 

CONTROL 


(DQQ, 

DQ1) 

2 


CHIP 

SELECT 

BUFFER 


W- 
S^ 

BSET- 

bclr-Hbit clear 

BUFFER 


WRITE 

ENABLE 

BUFFER 


CONFIG. 

LATCHES 


DATA 

OUTPUT 

BUFFER 


BIT 

SET 

BUFFER 


COLUMN 

ADDRESS 

BUFFER 


DATA 

INPUT 
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WRITE 

CONTROL 
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MCM62350 



CASE 810A 


PIN ASSIGNMENT 


A4[ 

1 • 

24 

Ivcc 

A5[ 

2 

23 

]A3 

A6[ 

3 

22 

1A2 

A7C 

4 

21 

lAI 

A8[ 

5 

20 

]ao 

Ag[ 

6 

19 

IR 

A10[ 

7 

18 

]Vss 

aiiE 

8 

17 

]0Q3 

s[ 

9 

16 

]DQ2 

w[ 

10 

15 

]DQ1 

bME 

11 

14 

]dqo 

bsetE 

12 

13 

] MATCH 



PIN NAMES 


^-A1 1 Address Inputs 

W Write Enable 

S . Chip Select 

BCLR Bit Clear Control Input 

BSET Bit Set Control Input 

R Reset (Flash Clear) Input 

MATCH Match (Hit) Output 

DQ0-DQ3 Data Input/Output 

V0C +5V Power Supply 

Vss Ground 
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MCM62350 


SIGNAL DESCRIPTIONS 


A0-A11 -ADDRESS INPUTS 

The address lines are used for indexing into the tag RAM 
portion of the chip. 

DQ0-DQ3-DATA INPUT/OUTPUT 

The data lines are used as input for compare, write, and 
configuration cycles, and as output for read cycles. 

B^- BIT SET CONTROL INPUT 

This contro l signal is used for ORing data into the tag RAM 
during BSET write cycles. Independent bits within the tag can 
be set using the appro priate mask, as indicated in the bit siet 
truth table. The BSET input can also be used to initiate a read 
cycle. 


BCLR-BIT CLEAR CONTROL INPUT 

This control signal Is used for AN Ding the complement of 
data into the tag RAM during BCLR write cycles. Independent 
bits within the tag can be cleared using the appropriate mask. 


as Indicated In the bit clear truth table. The BCLR input can 
also be used to in itiate a read cycle (note that at least one of 
the BSET/BCLR signals must be asserted to trigger a read 
cycle). 

R-RESET (FLASH CLEAR) INPUT 

The reset control signal is used to initiate a clear cycle or a 
configuration cycle. 

S-CHIP SELECT 

This control signal is used to chip select the device. 

W-WRITE ENABLE 

The write enable signal is used to initiate write cycles. 

MATCH -MATCH (HIT) OUTPUT 

This output signal is used to indicate a match of DQ0-DQ3 
inputs with the contents of the tag RAM addressed by AO— 
All. 


FUNCTIONAL TRUTH TABLE 


s 

W 

BCLR 

BSET 

R 

DQ0-DQ3 

Match 

Cycle 

L 

H 

H 

H 

H 

Compare D|n 

Valid 

Compare 

L 

H 

L 

X 

H 

Read Dout 

Assert 

Read 

L 

H 

X 

L 

H 

Read Dout 

Assert 

Read 

L 

L 

H 

H 

H 

Write Djn 

Assert 

Write 

L 

L 

L 

H 

H 

Bit Clear Mask 

Assert 

BCLR Write 

L 

L 

H 

L 

H 

Bit Set Mask 

Assert 

BSET Write 

X 

H 

X 

X 

L 

High-Z 

Assert 1 

Clear (Reset) 

L 

L 

X 

X 

L 

Config Djn* 

Assert 

Configuration 

H 

X 

X 

X 

H 

High-Z 

Assert 

Deselect 


*DQ2 and DQ3 are don't cares during a configuration cycle. 


COMPARATOR BEHAVIORAL TABLE 


Type 

DQO 

DQ1 

DQ2 

DQ3 

RAMQO 

RAMQ1 

RAMQ2 

RAM 03 

Match 

XNOR 

QO 

Q1 

02 

03 

QO 

01 

02 

03 

1 

XNOR 

QO 

01 

02 

03 

QO 

01 

02 

03 

0 

AOI 

QO 

01 

02 

03 

QO 

01 

02 

03 

1 

AOI 

L 

01 

02 

03 

X 

01 

02 

03 

1 

AOI 

H 

01 

02 

03 

L 

01 

02 

03 

0 


BIT CLEAR TRUTH TABLE (See Note) 


Data 

Initial 

Final 


In 

Stored Data 

Stored Data 


0 

0 

0 

Bit 

0 

1 

1 

Unchanged 

1 

0 

0 

Bit Cleared 

1 

1 

0 

to "Zero" 


NOTE: These tables reflect the behavior of single bit positions. 
The four bits in the tag can all be set or cleared in tandem, 
or bits within the tag can be independently set or cleared 
with the appropriate mask. 


CONFIGURATION TABLE 


DQO 

DQl 

Comparator 

Type 

Match 

True Level 

L 

L 

XNOR 

Low 

L 

H 

XNOR 

High 

H 

L 

AOI 

Low 

H 

H 

AOI 

High 


L=Low 
H = High 
0= False 
1 =True 
X = Don't Care 


BIT SET TRUTH TABLE (See Note) 


Data 

Initial 

Final 


In 

Stored Data 

Stored Data 


0 

0 

0 

Bit 

0 

1 

1 

Unchanged 

1 

0 

1 ' ■ 

Bit Set 

1 

1 

1 

to ^'One" 


AOI COMPARATOR LOGIC DIAGRAM 
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MCM62350 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = 0 VI 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to -1-7.0 

V 

Voltage Relative to Vss for Any Pin 
Except Vcc 

Vin/Vout 

-0.5 to Vcc +0-5 

V 

Output Current Match Output 

I/O Pins, Per I/O 

lout 

40 

20 

mA 

Power Dissipation (Ta = 25‘’C) 

Pd 

1.0 

W 

Operating Temperature 

Ta 

Oto -1-70 

°C 

Storage Temperature 

^stg 

-55 to -f-125 

®C 

Temperature Under Bias 

^bias 

-10 to -1-85 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high imped- 
ance circuit. 


The power supply (Vcc) should be stable 
for at least 100 /ts before operating the de- 
vice. During this Interval, the part will in- 
ternally configure Itself for XNOR compares, 
with the match output active high. In ad- 
dition, the memory array of RAM bits will 
be cleared. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta= 0 to 70°C, Unless Othen^ise Noted) 


RECOMMENDED OPERATING CONDITIONS (Referenced to Vss=0 V) 


Parameter 

Symbol 


Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 


- 

Vcc +0.3 

V 

Input Low Voltage 

V|L 

-0.5* 

- 

0.8 

V 


*V|L min= -0.5 V dc; V|l min= -3.0 V ac (pulse width ^20 ns) 


DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs Vin=0 to Vcc) 

l|kg(l) 

- 

±1.0 

mA 

Output Leakadb Current, Except Match Output (S = V|h, Vout=0 to Vcc) 

»lkg(0) 

- 

±1.0 


AC Supply Current (S=V|l, lout=0 mA, tAVAV=fAVQV rriax) 

ICCA 

- 

140* 

mA 

Output Low Voltage (I/O Pins: Iql^S.O mA, Match Output: loL=12.0 mA) 

VoL 

- 

0.4 

V 

Output High Voltage (I/O Pins: loH= “^-O mA, Match Output: loH= -10.0 mA) 

VOH 

2.4 

- 

V 


*ICC active current for the clear cycle exceeds this specification. However, this is a transient phenomenon and will not affect the power 
dissipation of the device. Good decoupling of the local power supply should always be used. 


CAPACITANCE (f=1.0 MHz, dV=3.0 V, Ta= 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 


Typ 

Max 

Unit 

Input Capacitance 

Cjn 

4 

5 

PF 

I/O Capacitance 

Cout 

5 

7 

PF 

Match Output Capacitance 


6 

7 

pF 


AC TEST LOADS 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5 V ±10%, Ta = 0 to ±70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load ll/O Pins) See Figure la 

Input Rise/ Fall Time 5 ns Output Load (Match Output) See Figure 1c 


READ CYCLE (See Note 1) 


Characteristic 

Symbol 

MCM623S0-Z2 

MCM62350-25 

MCM6235a-30 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

tAVAV 

tRC 

25 

- 

30 

- 

35 

- 

ns 


Address Access Time 

tAVQV 

tAA 

- 

25 

- 

30 

- 

35 

ns 


Select Access Time 

tSLQV 

tACS 


12 

- 

15 

- ■ 

mm 

IS^I 


BCLR Access Time 

tBCLQV 

tABC 

- 

25 

- 

30 

- 



m 

BSET Access Time 

tBSLQV 

tABS 

- 

25 

- 

30 

- 

|||||[^|| 

IIIE9lli 

2 

Output Hold from Address Change 

tAXQX 

tOH 

5 

- 

5 

- 

5 

- 

IQIII 


Select Low to Output Active 

tSLQX 

tCSL 

5 

- 

5 

- 

5 

- 

ns 

3 

BSET/BCLR Low to Output Active 

tBSL(3X/tBCLQX 

tLZ 

10 

- 

■9 

- 

■El 

- 

||||||||^J|[ 

3 

S High to Output High-Z 

tSHQZ 

tcsz 

- 

9 

- 

■El 

- 

mm 

ISI 

3 

BSET/BCLR High to Output High-Z 


tHZ 

- 

9 

- 

10 

- 

12 

ns 

3 

BSET/BCLR Low to Match Assert 

tBSLMX/tBCLMX 

tCH 

0 

15 

0 

18 

0 

20 

ns 



NOTES: _ 

1. R=V|h, W = V||-| continuously during read cycles. One of either BSET or BCLR pins must be asserted low to activate the outputs. The 
match output becomes asserted when either the BSET or BCLR pin transitions low. 

2. For brevity in signal names, BC is used to represent BCLR transitions, while BS is used to represent BSET transitions. 

3. Transition is measured ±500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 


READ CYCLE 


(ADDRESS CONTROLLED) 



(S CONTROLLED) 


DdZZZZZDC 
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COMPARE CYCLE ISee Note 1) 


Characteristic 

Compare Cycle Time 
Address Valid to Match Valid 
BCLR High to Match Valid 


BSET High to Match Valid 
Data Valid to Match Valid 


S Low to Match Valid 


Symbol 

Standard 

tAVAV 

tAVMV 

tBCHMV 


tBSHMV 
t 


MCM62350-22 MCM62350-25 MCM62350-30 


Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

tc 

25 

- 

30 

- 

35 

- 

tACA 

_ 

22 

- 

25 

- 

30 

tBCCA 

- 

15 

- 

18 

- 

20 

tBSCA 

- 


- 

mm 

- 



- 


- 

mm 

- 

mm 


- 

wm 

- 

mm 

- 




BSET High to Output High-Z | ^bsHOZ I ^BSZ I - I 9 I - I I " I I I 

NOTEJ: _ 

1. R = V|h, W = V|h continuously during compare cycl es. 

2. For brevity in signal names, BC is used to represent BCLR transitions, while BS is used to represent BSET transitions. 

3. Transition is measured ±500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 


COMPARE CYCLE 


(ADDRESS CONTRDLLED) 
tAVAV 


BCLR (BIT CLEAR) 


- lAVMV 

IS = V,L) 

tBSHMV- 


pDXMX--^ 
DATA VALID 

f tDVMV 

HIGH-Z 



mmsm 


DATA VALID 


— tDVMV 
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STANDARD WRITE CYCLE (See Note 1) 


Characteristic 

Symbol 

MCIVI62350-22 

MCM623S0-2S 

MCM62350-30 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 


Bi 

- 

11^1 

- 

ll^ll 

- 

ns 


Write Pulse Width 

tWLWH/tSLSH 

tWLSH/tSLWH 

twp 

twp 

18 

- 

20 

- 


■ - 



Address Setup to Beginning of Write 

tAVWL/tAVSL 

tAS 

0 

- 

0 

- 

0 

- 

ns 


Address Valid to End of Write 

tAVWH/tAVSH 

tAW 

18 

- 

20 

- 


- 



Data Valid to End of Write 

tDVWH/tDVSH 

tDW 

10 

- 

12 

- 


- 



Data Hold from Write End 

tWHDX/tSHDX 

tDH 

0 

- 

0 

- 

0 

- 

ns 


Write Low to Output HIgh-Z 

tWLOZ 

twz 

- 

9 

- 

10 

- 

12 

ns 

2,3 

Address Hold from Write End 

tWHAX/tSHAX 

tWR 

0 

- 

0 

- 

0 


ns 


Write Low to Match Assert 

tWLMX 

tWCH 

0 

15 

0 

15 

0 

18 

ns 

3 

BSET/ BCLR Setup to Beginning of 

Write 

tBSHWL/tBSHSL 

tBCHWL/tBCHSL 

tBSS 

tBCS 

-1 

- 

-1 

- 

-1 

- 

ns 


BSET/BCLR Hold Time from Write Start 

tWLBSX/tSLBSX 

tWLBCX/tSLBCX 

IBSH 

tBCH 

10 

- 

10 

- 

10 

- 

ns 


Write High to Match Valid 

tWHMV 

tWCA 

- 

22 

- 

25 

- 

30 

ns 

3 

Write High to Output Active 

^HQX 

tow 

5 

- 

5 


5 

- 

ns 

2, 3 


NOTES; _ _ 

1. A standard write occurs during the overlap of W and S low and BSET and BCLR high. The R pin is high continuously during a write cycle. 

2. Transition is measured ±5(X) mV from steady state voltage v^h load of Figure 1b. This parameter is sampled and not 100% tested. 

3. Both the match output and Q0-Q3 are shown as valid in the W controlled cycle below to convey their timing relative to W. In reality, only 
one of either match or Q0-Q3 can be valid at one time, as determined by BSETand BCLR inputs. 

STANDARD WRITE CYCLE 

(W CONTROLLED) (S CONTROLLED) 
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BSET/BCLR WRITE CYCLE (See Note 1) 


Characteristic 

Symbol 

MCM62350-22 

MCM62350-25 

MCM62350-30 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

twc 

25 

- 

30 

- 

35 

- 

ns 


Write Pulse Width 

tWLWH/tSLSH 

tWLSH/tSLWH 

twp 

twp 

18 

- 

20 

- 

25 

- 

ns 


Address Setup to Beginning of Write 

tAVWL/tAVSL 

tAS 

0 

- 

0 

- 

0 

- 

ns 


Address Valid to End of Write 

tAVWH/tAVSH 

tAW 

18 

- 

20 

- 

25 

- 

ns 


Data Setup to Beginning of Write 

tDVWL/tDVSL 

tDS 

-1 

- 

-1 

- 

-1 

- 

ns 

2 

Data Hold from Write End 

tWHDX/tSHDX 

tDH 

0 

- 

0 

- 

0 

- 

ns 


Address Hold from Write End 

tWHAX/tSHAX 

fWR 

0 

- 

0 

- 

0 

- 

ns 


W Low to Match Assert 

tWLMX 

tWCH 

0 

15 

0 

15 

0 

18 

ns 


BSET/BCLR Setup to Beginning of 

Write 

tBSLWL/tBSLSL 

tBCLWL/tBCLSL 

tBSS 

tBCS 

-1 

- 

-1 

- 

-1 

- 

ns 

2 

BSET/BCLR Hold Time from Write Start 

tWLBSX/fSLBSX 

tWLBCX/tSLBCX 

tBSH 

tBCH 

10 

- 

10 

- 

10 

- 

ns 


Write High to Match Valid 

tWHMV 

tWCA 

- 

22 

_ 

25 

- 

30 

ns 



NOTES: _ _ 

1. A BS ET/BC LR write oc curs during the overlap of W and SJow and BSET or BCLR low. The R pin is high continuously during a write 
cycle. BSET and BCLR write cycles can be W controlled or S contro lled. O nly two of four possible cycles are shown here for brevity. 

2. Data output buffer must be i n high - Z prior to start of either BSET or BCLR write cycles. Note that for W controlled cycles, the user must 
avoid excessive setup time o f BSET/BCLR to avoid bus contention. Data must be set up for tovWL/^DVSL to ensure the data integrity 
of non -modified bits during BSET/BCLR write cycles. In the event that invalid data is presented for non-modified bits during the BSET/ 
BCLR write, note that it is not possible to recover the original data state by simply presenting valid data before the end of write. 


BSET WRITE CYCLE BCLR WRITE CYCLE 

(W CONTROLLED) (S CONTROLLED) 
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CLEAR CYCLE (See Note 1) 


Characteristic 

Symbol 

MCM62360-22 

MCM62350-25 

MCM62360-30 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

R Low to Inputs Recognized A 

tRLAV 

MM 



- 

70 

- 

70 

ns 


(Clear Cycle Time) S 

tRLSV 










BSET 

tRLBSV 

mM 









BCLR 

tRLBCV 

MM 









D 

tRLDV 










R Pulse Width 

tRLRH 



- 

30 

- 

35 

- 



Read Setup to R Low 

tWHRL 

tRS 

5 


5 

- 

5 

- 

ns 

2 

Write Hold from R High 

tRHWL 

tWH 

■■ 

- 

■■ 

- 

0 

- 

ns 

— 

R Low to Inputs Don't Care A 

tRLAX 

tcx 

0 

- 

0 

- 

0 

- 

ns 

H 

S 

tRLSX 

tcx 









BSET 

tRLBSX 

tcx 









bUlr 

tRLBCX 

tcx 









D 


tcx 









R Low to Match Assert 

tRLMX 

tMH 

0 

15 

0 

18 

0 

20 

ns 


R Low to Output High-Z 

tRLQZ 

tcz 

- 

15 

- 

18 

- 

20 

ns 

4 


NOTES: 

1 . The addre^, B§ET, and BCLR inputs are don't cares during a clear cycle. 

2. The clear cycle is initiated at the falling edge of R. The twHRL fRHWL parameters must be satisfied to prevent an undesired configuration 
cycle. 

3. "Inputs" for this parameter refers to all inputs except W. 

4. Transition is measured ±500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 


CLEAR CYCLE 


(FROM READ CYCLE) (FROM COMPARE CYCLE) 
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CONFIGURATION CYCLE (See Notes 1 and 2) 


Characteristic 

Symbol 

MCM62350-22 

MCM62350-2S 

MCM62350-30 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Configuration Control Pulse Width 

S 

tSLSH 

tSP 

20 

- 

25 

- 

30 

- 

ns 

3 


R 

tRLRH 

tSP 









Data Setup to End of Configuration 

S 






m 


■| 


mm 

Cycle 

R 












W 












P 




mi 








E 


















m 








5 

- 

5 

- 

5 

- 

B[B[ 





5 

- 

5 

- 

5 

- 

BIBi 



■ 




- 


- 

30 

- 

ns 

4 


■ 











R Setup to End of Configuration 

tRLWH 

tSR 

20 

- 


- 


- 

IB91 


H Setup to S Low 

tRLSL 


5 

- 

5 

- 

5 

- 

IBB[ 

3 

S Setup to Beginning of Write 



0 

- 

0 

- 

0 

- 

I^BI 


S High to Output HIgh-Z 

ISHQZ 

tHZ 

- 

9 

- 

■■ 

- 

mm 

BSI 

5 

W Low to Output High-Z 

fWLQZ 

tHZ 

- 

9 

- 

10 

- 

12 

ns 

5 


NOTES; 


1 . A configuration cycle is performed during the overlap of W low, R low, and S low. Address, DQ2, DQ3, BSET, and BCLR inputs are don't 
cares during configuration cycles. 

2. To ensure proper configuration of the devic^during power up,_chip select must be equal to or greater than V|h- 

3. A valid configuration can be performed with S asserted prior to R and W low transitions. Be aware, however, that array data may be altered 
under this condition. 

4. Note that terminating the cycle with R while leaving W and S asserted may cause array data to be altered. 

5. Transition is measured ±500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 1CK)% tested. 


CONFIGURATION CYCLE 

(ARRAY PROTECTED) (ARRAY UNPROTECTED) 




MOTOROLA MEMORY DATA 


5-65 









MCM62350 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 62» 

Motorola Memory Prefix 

Part Number 


X 


XX 



Shipping Method (R2=Tape & Reel, Blank = Rails) 
Speed (22 = 22 ns, 25=25 ns, 30 = 30 ns) 

Package (P = Plastic DIP, J = Plastic SOJ) 


Full Part Numbers- MCM62350P22 MCM62350P25 

MCM62350J22 MCM62350J25 

MCM62350J22R2 MCM62350J25R2 


MCM62350P30 

MCM62350J30 

MCM62350J30R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Product Preview 

4K X 4 Bit Cache Address Tag 
Comparator 

with System Status Bit Functions 

The MCM62350 is a 16,384 bit cache address tag comparator organized as 4096 tags 
of 4 bits, fabricated using Motorola's high-performance silicon-gate CMOS technology. 
The device integrates a 4Kx4 SRAM core, an on-board comparator, and special pin 
functions for tag valid and system status bit applications. These functions allow easy 
interface to the MC68020 and MC68030 microprocessors, or any other environment 
where efficient implementation of external cache memory is required. The MCM62350 is 
available in 24 lead plastic DIP and SOJ packages. 

The device has a reset (R) pin for flash clear of the RAM. This function is usef ul for 
syst em init ialization. Individual bits within a tag field can be set or cleared via the BSET 
and BCLR control input pins for valid bit updates. 

The MCM62350 has two configurable comparator modes. The comparator can be con- 
figured as standard XNOR (exclusive NOR) for address tag comparison, or AOI (AND- 
OR-Invert) for determining whether specific bits in the 4-bit word are set (for system 
status bit applications). In addition, the match output can be programmed as true high 
or true low for potential logic delay savings. The configuration of these modes is accom- 
plished by performing a write cycle with the R pin held low. 

The MCM62350 is available in a 24 lead plastic or sidebrazed DIP, as well as a 24 lead 
plastic SOJ package. 

• Single 5 V ±10% Power Supply 

• Fast Address to Match Time; 20 ns max 

• Fast Data to Match Time; 10 ns max 

• Fast Read of Tag RAM Contents; 20 ns max 

• Flash Clear of the Tag RAM; 70 ns max 

• Programmable Active Outpu t Leve l of Match 

• Bit Manipulation of Tags via BSET and BCLR Writes 

• Configurable Comparator Modes: 

XNOR Mode for Address Tag Comparison 
AOI Mode for System Valid Bit Comparison 


BLOCK DIAGRAM 



MCM62350-20 



300 MIL PLASTIC 
CASE 724 


J PACKAGE 
300 MIL SOJ 
CASE 810A 


PIN ASSIGNMENT 

A4l 

1 • 

24 

Ivcc 

A5l 

2 

23 

1A3 

A6[ 

3 

22 

1A2 

A7[ 

4 

21 

lAl 

A8[ 

5 

20 

]A0 

A9[ 

6 

19 

IR 

A10[ 

7 

18 

IVss 

A11[ 

8 

17 

|DQ3 

s[ 

9 

16 

lDQ2 

w[ 

10 

15 

]DQ1 

BCLR[ 

11 

14 

]DQ0 

BSET[ 

12 

13 

] MATCH 


PIN NAMES 


A0-A1 1 Address Inputs 

W Write Enable 

S . Chip Select 

BCLR Bit Clear Control Input 

BSET Bit Set Control Input 

R Reset (Flash Clear) Input 

MATCH Match (Hit) Output 

DQ0-DQ3 . Data Input/Output 

Vcc -f 5 V Power Supply 

Vss Ground 


This document contains infonnation on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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SIGNAL DESCRIPTIONS 


A0-A11 -ADDRESS INPUTS 

The address lines are used for indexing into the tag RAM 
portion of the chip. 

DQ0-DQ3-DATA INPUT/OUTPUT 

The data lines are used as input for compare, write, and 
configuration cycles, and as output for read cycles. 

B^-BIT SET CONTROL INPUT 

This contro l signal is used for ORing data into the tag RAM 
during BSET write cycles. Independent bits within the tag can 
be set using th e appro priate mask, as indicated in the bit set 
truth table. The BSET input can also be used to initiate a read 
cycle. 

B^-BIT CLEAR CONTROL INPUT 

This control signal is used for AN Ding the complement of 
data into the tag RAM during BCLR write cycles. Independent 
bits within the tag can be cleared using the appropriate mask. 


as indicated in the bit clear truth table. The BCLR input can 
also be used to in itiate a read cycle (note that at least one of 
the BSET/BCLR signals must be asserted to trigger a read 
cycle). 

R- RESET (FLASH CLEAR) INPUT 

The reset control signal is used to initiate a clear cycle or a 
configuration cycle. 

S-CHIP^ELECT 

This control signal is used to chip select the device. 

W-WRITE ENABLE 

The write enable signal is used to initiate write cycles. 

MATCH-MATCH (HIT) OUTPUT 

This output signal is used to indicate a match of DQ0-DQ3 
inputs with the contents of the tag RAM addressed by AO- 
All. 


FUNCTIONAL TRUTH TABLE 


s 

W 


BSET 

R 

DQ0-DQ3 

Match 

Cycle 

BCLR 

L 

H 

H 

H 

H 

Compare Djp 

Valid 

Compare 

L 

H 

L 

X 

H 

Read Dnut 

Assert 

Read 

L 

H 

X 

L 

H 

Read 

Assert 

Read 

L 

L 

H 

H 

H 

Write Djn 

Assert 

Write 

L 

L 

L 

H 

H 

Bit Clear Mask 

Assert 

BClR Write 

L 

L 

H 

L 

H 

Bit Set Mask 

Assert 

BSET Write 

X 

H 

X 

X 

L 

High-Z 

Assert 

Clear (Reset) 

L 

L 

X 

X 

L 

Config Djn* 

Assert 

Configuration 

H 

X 

X 

X 

H 

High-Z 

Assert 

Deselect 


^DQ2 and DQ3 are don't cares during a configuration cycle. 


COMPARATOR BEHAVIORAL TABLE 


Type 

DQO 

DQ1 

DQ2 

DQ3 

RAMQO 

RAMQ1 

RAMQ2 

RAMQ3 

Match 

XNOR 

QO 

Q1 

02 

03 

QO 

Q1 

Q2 

Q3 

1 

XNOR 

m 

01 

02 

03 

QO 

Q1 

02 

Q3 

0 

AOI 

QO 

01 

02 

03 

QO 

Q1 

02 

03 

1 

AOI 

L 

01 

02 

03 

X 

Q1 

02 

03 

1 

AOI 

H 

01 

02 

03 

L 


02 

03 

0 


BIT CLEAR TRUTH TABLE (See Note) 


Data 

In 

Initial 

Stored Data 

Final 

Stored Data 


0 

0 

0 

Bit 

0 

1 

1 

Unchanged 

1 

0 

0 

Bit Cleared 

1 

1 

0 

to "Zero" 


NOTE: These tables reflect the behavior of single bit positions. 
The four bits in the tag can all be set or cleared in tandem, 
or bits within the tag can be independently set or cleared 
with the appropriate mask. 


CONFIGURATION TABLE 


DQO 

DQ1 

Comparator 

Type 

Match 

True Level 

L 

L 

XNOR 

Low 

L 

H 

XNOR 

High 

H 

L 

AOI 

Low 

H 

H 

AOI 

High 


BIT SET TRUTH TABLE (See Note) 


Data 

Initial 

Rnal 


In 

Stored Data 

Stored Data 


0 

0 

0 

Bit 

0 

1 

1 

Unchanged 

1 

0 

1 

Bit Set 

1 

1 

1 

to "One" 


AOI COMPARATOR LOGIC DIAGRAM 



MOTOROLA MEMORY DATA 


5-68 










MCM62350-20 


The power supply (Vqc) should be stable 
for at least 1CX) /ts before operating the de- 
vice. During this interval, the part will in- 
ternally configure itseif for XNOR compares. 
In addition, the memory array of RAM bits 
will be cleared. 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normai precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high imped- 
ance circuit. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Referenced to Vss=0 V) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voitage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

input High Voltage 


2.2 

- 

Vcc + 0.3 

V 

Input Low Voltage 

V|L 

-0.5* 

- 

0.8 

V 


*V|L min= -0.5 V dc; V|i_ min= -3.0 V ac (puise width s20 ns) 


ABSOLUTE MAXIMUM RATINGS (Voitages referenced to Vss=0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to -1-7.0 

V 

Voltage Relative to Vss for Any Pin 
Except Vcc 

Vin/Vout 

-0.5 to Vcc + 0.5 

V 

Output Current Match Output 

i/0 Pins, Per I/O 

•out 

40 

20 

mA 

Power Dissipation (Ta=25°C) 

Pd 

1.0 

W 

Operating Temperature 

Ta 

Oto -fTO 

°C 

Storage Temperature 

Tstg 

-55 to -I-Ii25 

°C 

Temperature Under Bias 

Tbias 

-10 to -1-85 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATiNG CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


DC CHARACTERISTICS 


Characteristic 

Symbol 


Max 


Input Leakage Current (All Inputs Vjn = 0 to Vcc) 

l|ka(i) 

- 

±1.0 

pA 

Output Leakage Current, Except Match Output (§=V|h, Vout=0 to Vcc) 

'lkg(O) 

- 

±1.0 

fA 

AC Supply Current (S=V|l, louf^O mA, tAVAV^^AVOV it^x) 

•CCA 

- 

140* 


Output Low Voltage (I/O Pins: ioL=8.0 mA, Match Output: loL=12.0 mA) 

VoL 

- 

0.4 

V 

Output High Voltage (I/O Pins: loH= ~^-0 rtiA, Match Output: IqH'^ -10.0 mA) 

VOH 

2.4 

- 

V 


*icc active current for the clear cycle exceeds this specification. However, this is a transient phenomenon and will not affect the power 
dissipation of the device. Good decoupling of the iocal power supply should always be used. 


CAPACITANCE (f=1.0 MHz, dV=3.0 V, Ta= 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Input Capacitance 

Qn 

4 

5 

PF 


Cout 

5 

7 

PF 

Match Output Capacitance | 

Cmatch 

6 

7 

pF 


AC TEST LOADS 
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MCM62350-20 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc =r 5 V ±10%, Ta= 0 to +70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level 1.5 V butput Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load (I/O Pins) See Figure T a 

Input Rise/Fall Time 5 ns Output Load (Match Output) See Figure 1c 


READ CYCLE (See Note 1) 


Characteristic 

Symbol 

MCM62360-20 



Standard 

Alternate 

Min 

Max 

Read Cycle Time 

tAVAV 

tRC 


- 

HSU 


Address Access Time 

tAVQV 

tAA 

_ 

20 

ns 


Select Access Time 

tSLQV 

tACS 

- 

11 

ns 


BCLR Access Time 

tBCLQV 

tABC 

- ■ 

20 

ns 

2 

BSET Access Time 

tBSLQV 

tABS 

- 

20 

ns 

2 

Output Hold from Address Change 

tAXQX 

tOH 

5 

- 



Select Low to Output Active 

tSLQX 

tCSL 

5 

- 

ns 

3 

BSET/BCLR Low to Output Active 

tBSLQX/tBCLQX 

tLZ 

7 


ns 

3 

S High to Output High-Z 

tSHQZ 

tcsz 

- 

8 

ns 

3 

BSET/BCLR High to Output High-Z 

tBSHQZ/tBCHQZ 

tHZ 


8 

ns 

3 

bSET/BCLR Low to Match Assert 

tBSLMX/tBCLMX 

tCH 

0 

15 

ns 



NOTK: _ 

1. R = V|h, W=V|h continuously during read cycles. One of either BSET or BCLR pins must be asserted low to activate the outputs. The 

match output becomes asserted when either the BSET or BCLR pin transitions low. 

2. For brevity in signal names, BC is used to represent BCLR transitions, while BS is used to represent BSET transitions. 

3. Transition is measured ±500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 1(X)% tested. 


READ CYCLE 


(ADDRESS CONTROLLED) 



(S CONTROLLED) 


DdZUZZDC 
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MCM62350-20 


COMPARE CYCLE (See Note 1) 


Characteristic 

Symbol 

MCM62360-20 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Compare Cycle Time 

tAVAV 

tc 

20 

- 

ns 


Address Valid to Match Valid 

tAVMV 

tACA 

_ 

20 

ns 


BCLR High to Match Valid 

tBCHMV 

tBCCA 

- 

15 

ns 

2 

B^ High to Match Valid 

tBSHMV 

tBSCA 

- 

15 

ns 

2 

Data Valid to Match Valid 

tDVMV 

tDCA 

- 

10 

— 


5 Low to Match Valid 

tSLMV 

tCSCA 

- 

12 



Match Hold from Address Change 

tAXMX 

fACH 

5 

- 

ns 


Match Hold from Data Change 


tDCH 

3 

- 

ns 


^ High to Match Assert 


tCH 

0 

10 

ns 


BCLR High to Output High-Z 

tBCHQZ 

tBCZ 

- 

8 

ns 

3 

BSET High to Output High-Z 

tBSHQZ 

N 

(/) 

CD 

- 

8 

ns 

3 


NOTK: _ 

1. R = V|h, W = V|H continuously during compare cycles. 

2. For brevity in signal names, BC is used to represent BCLR transitions, while BS is used to represent BSET transitions. 

3. Transition is measured ±500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 


COMPARE CYCLE 


(ADDRESS CDNTROLLED) 



(S CDNTRDLLED) 


^ ) r 


^ 


)r 




tSHMX— U ► 






7 

( 

tBCHMV — ► 






— ‘DVMV 





' ^ 

■■I 

Y~ 
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MCM62350-20 


STANDARD WRITE CYCLE (See Note 1) 


Characteristic 

Symbol 

MCMe2350-20 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Write Cycle Time 

fAVAV 

fwc 

20 

- 

ns 


Write Pulse Width 

tWLWH/tSLSH 

fWLSH/tSLWH 

twp 

twp 

14 

- 

ns 


Address Setup to Beginning of Write 

tAVWL/tAVSL 

tAS 

0 

- 

ns 


Address Valid to End of Write 

tAVWH/tAVSH 


16 

- 

UQIIII 


Data Valid to End of Write 

fDVWH/tDVSH 

tDW 

10 

- 

imiiQiiiii 


Data Hold from Write End 

tWHDX/tSHDX 

tDH 

0 

- 

ns 


Write Low to Output High-Z 

tWLQZ 

twz 

- 

8 



Address Hold from Write End 

tWHAX/tSHAX 

tWR 

0 

- 

— 


Write Low to Match Assert 

tWLMX 

tWCH 

0 

15 

BSIIi 

3 

BSET /BCLR Setup to Beginning of Write 

tBSHWL/tBSHSL 

tBCHWL/'BCHSL 

tBSS 

tBCS 

-1 

- 

ns 


BSET/ BCLR Hold Time from Write Start 

tWLBSX/tSLBSX 

fWLBCX/tSLBCX 

tBSH 

fBCH 

10 

- 

ns 


Write High to Match Valid 

tWHMV 

tWCA 

- 

20 

ns 

3 

Write High to Output Active 

tWHQX 

tow 

3 

- 

ns 



NOTES: _ _ 

1. A standard write occurs during the overlap of W and S low and BSET and BCLR high. The R pin is high continuously during a write cycle. 

2. Transition is measured ±500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 

3. Both the match output and Q0-Q3 are shown as valid in the W controlled cycle bel ow to c onvey their timing relative to W. In reality, only 
one of either match or Q0-Q3 can be valid at one time, as determined by BSETand BCLR inputs. 

STANDARD WRITE CYCLE 

(W CONTROLLED) (S CONTROLLED) 
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MCM62350-20 


BSET/BCLR WRITE CYCLE (See Note 1) 


Characteristic 

Symbol 

MCM62350-20 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Write Cycle Time 

fAVAV 

twc 

20 

- 

ns 


Write Pulse Width 

tWLWH/tSLSH 

tWLSH/^SLWH 

twp 

twp 

14 

- 

ns 


Address Setup to Beginning of Write 

tAVWL/tAVSL 

tAS 

0 

- 

ns 


Address Valid to End of Write 

tAVWH/UVSH 

tAW 

14 

- 

ns 


Data Setup to Beginning of Write 

tDVWL/tDVSL 

tDS 

0 

- 

ns 

2 

Data Hold from Write End 

tWHDX/tSHDX 

tDH 

0 

- 



Address Hold from Write End 

tWHAX/tSHAX 

tWR 

0 

- 

ns 


W Low to Match Assert 

tWLMX 


0 

15 



BSET/BCLR Setup to Beginning of Write 

tBSLWL/tBSLSL 

tBCLWL/tBCLSL 


-1 

- 



BSET/BCLR Hold Time from Write Start 

tWLBSX/tSLBSX 

fWLBCX/fSLBCX 



- 



Write High to Match Valid 

tWHMV 

tWCA 


20 




NOTES: _ _ 

1 . A BS ET/BC LR write oc curs during the overlap of W and S low and BSET or BCLR low. The R pin is high continuously during a write 
cycle. BSET and BCLR write cycles can be W controlled or S controlled. Only two of four possible cycles are shown here for brevity. 

2. Data output buffer must be i n high - Z prior to start of either BSET or BCLR write cycles. Note that for W controlled cycles, the user must 
avoid excessive setup time o f BSET /BCLR to avoid bus contention. Data must be set up for tQWVL/tDVSL fo ensure the data i ntegrit y 
of non-modified bits during BSET/BULR write cycles. In the event that invalid data is presented for non-modified bits during the BSET/ 
BCLR write, note that it is not possible to recover the original data state by simply presenting valid data before the end of write. 

B^ WRITE CYCLE BCLR WRITE CYCLE 

(W CONTROLLED) (S CONTROLLED) 
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CLEAR CYCLE (See Note 1) 


Characteristic 

Symbol 

MCM62360-20 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

R Low to Inputs Recognized A 

tRLAV 

KB 

- 

70 

ns 


(Clear Cycle Time) S 

tRLSV 

Kfl 





bSeT 

tRLBSV 

KB 





BCLR 

tRLBCV 

RB 





D 

tRLDV 






R Pulse Width 

tRLRH 

tCLP 

20 

- 

BW 


Read Setup to R Low 

tWHRL 

tRS 

5 

- 

mm 

2 

Write Hold from R High 

tRHWL 


0 

- 


2 

R Low to Inputs Don't Care A 

tRLAX 

tcx 

0 


ns 

3 

S 

tRLSX 

tcx 





b5eT 

tRLBSX 

tcx 





bClr 

tRLBCX 

tcx 





D 

<RLDX 

tcx 





R Low to Match Assert 

tRLMX 

tMH 

0 

15 

ns 


R Low to Output High-Z 

tRLQZ 

tcz 

- 

15 

ns 

4 


NOTES: 

1. The address, BSET, and BCLR inputs are don't cares during a clear cycle. 

2. The clear cycle is initiated at the falling edge of R. The twHRL ^RHWL parameters must be satisfied to prevent an undesired configuration 
cycle. 

3. "Inputs" for this parameter refers to all inputs except W. 

4. Transition is measured ±500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 


CLEAR CYCLE 

(FROM READ CYCLE) (FROM COMPARE CYCLE) 
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CONFIGURATION CYCLE (See Notes 1 and 2) 


Characteristic 

Symbol 

MCM62350-20 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Configuration Control Pulse Width 

S 

fSLSH 

tSP 

20 

- 

ns 

3 


R 

tRLRH 

tSP 





Data Setup to End of Configuration 

S 

tDVSH 

tDS 

10 

- 

ns 


Cycle 

R 

fDVRH 

tDS 






W 

tDVWH 

tDS 





Data Hold from End of Configuration 

S 

tSHDX 

tDH 





Cycle 

R 

tRHDX 

tDH 






W 

tWHDX 

tDH 





R High Pulse Width 

tRHRL 

fCP 

5 

- 



Write Setup to R Low 

tWLRL 

tws 

5 

- 

ns 


S Setup to End of Configuration 


tSLWH 

tsws 

20 

_ 

ns 

4 



tSLRH 

tscs 





R Setup to End of Configuration 

tRLWH 

tSR 

20 

- 

ns 


R Setup to S Low 

tRLSL 

tcss 

5 

- 

ns 

3 

S Setup to Beginning of Write 

tSHWL 

twss 

0 

- 



S High to Output High-Z 

tSHQZ 

tHZ 

- 

9 

ns 

5 

W Low to Output High-Z 

tWLOZ 

tHZ 

- 

9 

ns 

5 


NOTES: _ _ _ 

1. A configuration cycle is performed during the overlap of W low, R low, and S low. Address, DQ2, DQ3, BSET, and BCLR inputs are don't 

cares during configuration cycles. 

2. To ensure proper configuration of the device during power up, chip select must be equal to or greater than VgH- 

3. A valid configuration can be performed with S asserted prior to R and W low transitions. Be aware, however, that array data may be altered 
under this condition. 

4. Note that terminating the cycle with R v.;hile leaving W and S asserted may cause array data to be altered. 

5. Transition is measured ±500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 


CONFIGURATION CYCLE 

(ARRAY PROTECTED) (ARRAY UNPROTECTED) 
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MCM62350-20 


Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 62^ X XX XX 

— ] T- Shipping Method (R2==Tape & Reel, Blank = Rails) 

Speed (20 = 20 ns) 

Package (P = Plastic DIP, J = Plastic SOJ) 

Full Part Numbers- MCM62350P20 
MCM62350J20 
MCM62350J20R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


4K X 4 Bit Cache Address Tag 
Comparator 

with System Status Bit Functions 

The MCM62351 is a 16,384 bit cache address tag comparator organized as 4096 tags 
of 4 bits, fabricated using Motorola's high-performance silicon-gate CMOS technology. 
The device integrates a 4K x 4 SRAM core, an on-board comparator, and special pin 
functions for tag valid and system status bit applications. These functions allow easy 
interface to the MC68020 and MC68030 microprocessors, or any other environment 
where efficient implement^ion of external cache memory is required. 

The device has a reset (R) pin for flash clear of the RAM, which is useful for system 
initialization. Individual bits within a tag can be set or cleared via the BSET and BCLR 
control input pins for valid bit updates. 

The MCM62351 has two configurable comparator modes. The comparator can be con- 
figured as standard XNOR (exclusive NOR) for address tag comparison, or AOI (AND- 
OR-Invert) for determining whether specific bits in the 4-bit word are set (for system 
status applications). Ti^ configuration of the comparator is accomplished by performing 
a write cycle with the R pin held low. The match output is open drain, allowing efficient 
combination of multiple match outputs using a wired-OR connection. 

• Single 5 V ± 10% Power Supply 

• Fast Address to Match Time; 22/25/30 ns max 

• Fast Data to Match Time; 10/12/15 ns max 

• Fast Read of Tag RAM Contents; 25/30/35 ns max 

• Flash Clear of the Tag RAM; 70/70/70 ns max 

• Open Drain Match Output 

• Bit Manipulation of Tags via BSET and BCLR Writes 

• Configurable Comparator Modes: 

XNOR Mode for Address Tag Comparison 
AOI Mode for System Valid Bit Comparison 

• High Board Density SOJ Package Available 




PIN NAMES 


A0-A1 1 Address Inputs 

W Write Enable 

S . Chip Select 

BCLR Bit Clear Control Input 

BSET Bit Set Control Input 

R Reset (Flash Clear) Input 

MATCH Match (Hit) Output 

DQ0-DQ3 Data Input/Output 

Vcc +5V Power Supply 

Vss Ground 
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MCM62351 


SIGNAL DESCRIPTIONS 

as indicated in the bit clear truth table. The BCLR input can 
also be used to in itiate a read cycle (note that at least one of 
the BS^T/BCLR signals must be asserted to trigger a read 
cycle). 

R- RESET (FLASH CLEAR) INPUT 

The reset control signal is used to initiate a clear cycle or a 
configuration cycle. 

S-CHIP SELECT 

This control signal is used to chip select the device. 

W-WRITE ENABLE 

The write enable signal is used to initiate write cycles. 

MATCH-MATCH (HIT) OUTPUT 

This output signal is used to indicate a match of DQ0-DQ3 
inputs with the contents of the tag RAM addressed by AO— 
All. 


FUNCTIONAL TRUTH TABLE 


s 

W 


BSET 

R 

DQ0-DQ3 

Match 

Cycle 

BCLR 

L 

H 

H 

H 

H 

Compare Dj^ 

Valid 

Compare 

L 

H 

L 

X 

H 

Read 

Assert 

Read 

L 

H 

X 

L 

H 

Read Dout 

Assert 

Read 

L 

L 

H 

H 

H 

Write Djn 

Assert 

Write 

L 

L 

L 

H 

H 

Bit Clear Mask 

Assert 

BCLR Write 

L 

L 

H 

L 

H 

Bit Set Mask 

Assert 

BSET Write 

X 

H 

X 

X 

L 

High-Z 

Assert 

Clear (Reset) 

L 

L 

X 

X 

L 

Config Djn* 

Assert 

Configuration 

H 

X 

X 

X 

H 

High-Z 

Assert 

Deselect 


*DQ1, DQ2, and DQ3 are don't cares during a configuration cycle. 


COMPARATOR TRUTH TABLE 


L = Low 
H=^High 
0= False 
1 =True 
X = Don't Care 


Type 

DQO 

DQ1 

DQ2 

DQ3 

RAMQO 

RAMQ1 

RAMQ2 

RAMQ3 

Match 

XNOR 

QO 

01 

02 

03 

QO 

01 

02 

03 

1 

XNOR 

QO 

01 

02 

03 

QO 

01 

02 

03 

0 

AOI 

QO 

01 

02 

03 

QO 

01 

02 

03 

1 

AOI 

L 

01 

02 

03 

X 

01 

02 

03 

1 

AOI 

H 

01 

02 

03 

L 

01 

02 

03 

0 


A0-A11 -ADDRESS INPUTS 

The address lines are used for indexing into the tag RAM 
portion of the chip. 

DQ0-DQ3-DATA INPUT/OUTPUT 

The data lines are used as input for compare, write, and 
configuration cycles, and as output for read cycles. 

B^- BIT SET CONTROL INPUT 

This contro l signal is used for ORing data into the tag RAM 
during BSET write cycles. Independent bits within the tag can 
be set using the appro priate mask, as indicated in the bit set 
truth table. The BSET input can also be used to initiate a read 
cycle. 


BCLR -BIT CLEAR CONTROL INPUT 

This control signal is used for AN Ding the complement of 
data into the tag RAM during BCLR write cycles. Independent 
bits within the tag can be cleared using the appropriate mask. 


BIT CLEAR TRUTH TABLE (See Note) 


Data 

in 

Initial 

Stored Data 

Final 

Stored Data 


0 

0 

0 

Bit 

0 

1 

1 

Unchanged 

1 

0 

0 

Bit Cleared 

1 

1 

0 

to "Zero" 


NOTE: These tables reflect the behavior of single bit positions. 
The four bits in the tag can all be set or cleared in tandem, 
or bits within the tag can be independently set or cleared 
with the appropriate mask. 


CONFIGURATION TABLE 


DQO 

Comparator 

Type 

L 

H 

XNOR 

AOI 


BIT SET TRUTH TABLE (See Note) 


Data 

In 

Initial 

Stored Data 

Final 

Stored Data 


0 

0 

0 

Bit 

0 

1 

1 

Unchanged 

1 

0 

1 

Bit Set 

1 

1 

1 

to "One" 


AOI COMPARATOR LOGIC DIAGRAM 
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MCM62351 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high imped- 
ance circuit. 

The power supply (Vcc) should be stable 
for at least 100 fis before operating the de- 
vice. During this interval, the part will in- 
ternally configure itself for XNOR compares. 
In addition, the memory array of RAM bits 
will be cleared. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta= 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Referenced to Vss=0 V) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

- 

Vcc + 0.3 

V 

Input Low Voltage 

V|L 

-0.5* 

- 

0.8 

V 


*V|L mln= -0.5 V dc; V|l min= -3.0 V ac (pulse width <20 ns) 


DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 



Input Leakage Current (All Inputs Vjn=0 to Vcc) 

likg(l) 

- 

± 1.0 


Output Leakage Current (5 =V|h, Vout=0 to Vcc) 

•ika(O) 

- 

± 1.0 

mA 

Match Output Leakage Current (Match Asserted) 

l|kg(M) 

- 

± 2.0 

/*A 

AC Supply Current (5 =V|l, lout = 0 mA, tAVAV = *AVQV 

ICCA 

- 

140* 


Output Low Voltage (I/O Pins: loL=8.0 mA, Match Output: loL=23.0 mA) 

VOL 

- 

0.4 

V 

Output High Voltage (I/O Pins: loH=4.0 mA) 

VOH 

2.4 

- 

V 


^ICC active current for the clear cycle exceeds this specification. However, this is a transient phenomenon and will not affect the power dissipation 
of the device. Good decoupling of the local power supply should always be used. 


CAPACITANCE (f=1.0 MHz, dV = 3.0 V, Ta= 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic | 

IQJQSIIIII 

Typ 





4 

5 

pF 

I/O Capacitance 

Cout 

5 

7 

PF 

Match Output Capacitance 

Cmatch 

6 

7 

pF 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to V 33 = 0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

— 0.5 to +7.0 

V 

Voltage Relative to V 33 for Any Pin 
Except Vcc 

Vin/Vout 

— 0.5 to Vcc + 0.5 

V 

Output Current Match Output 

I/O Pins, Per I/O 

•out 

40 

20 

mA 

Power Dissipation (Ta = 25°C) 

pd 

1.0 

W 

Operating Temperature 

Ta 

0 to +70 

°C 

Storage Temperature 

Tstg 

-55 to +125 

°C 

Temperature Under Bias 

Tbias 

-10 to +85 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


AC TEST LOADS 
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MCM62351 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5 V ±10%, Ta = 0 to +70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V 

Input Rise/ Fall Time 5 ns 


READ CYCLE (See Note 1) 


Characteristic 

Symbol 

MCM62351-22 

MCM62361-2S 

MCM62361-30 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 


tRC 

Ei 

- 

IBB 

- 

35 

- 

ns 


Address Access Time 


tAA 

- 

lEI 

- 


- 


B9I 


Select Access Time 


tACS 

- 

■B 

- 

mm 

- 

mm 

BSI 


BCLR Access Time 

tBCLQV 

tABC 

- 

ra 

- 


- 

IBI 

BBI 

B 

BSET Access Time 

tBSLQV 

tABS 

- 


- 

I^B 

- 



2 

Output Hold from Address Change 

t/VXQX 

tOH 

— 

- 

wm 

- 

5 

- 

noli 


Select Low to Output Active 

tSLQX 


5 

- 

5 

- 

5 

- 

BOB 

3 

BSET/ BCLR Low to Output Active 

tBSLOX/tBCLQX 

tLZ 

10 

- 

■9 

- 

■El 

- 

BOB 

3 

S High to Output High-Z 

tSHQZ 

tcsz 

- 

9 


■I 

- 

mm 

B^B 

3 

BSET/BCLR High to Output HIgh-Z 

tBSHOZ/tBCHQZ 

tHZ 

- 

9 


10 

- 

12 

ns 

3 

BSET/BCLR Low to Match Assert 

tBSLMX/tBCLMX 

tCH 

0 

15 

0 

18 

0 

20 

ns 



NOTES: 


1. R = V|(-|, W=V|n continuously during read cycl es. One o f eithe r BSET or BCLR pins must be asserted low to activate the outputs. The 

match output becomes asserted when either the BS ET or BCLR pin transitions low. 

2. For brevity in signal names, BC is used to represent BCLR transitions, while BS Is used to represent BSET transitions. 

3. Transition is measured ±500 mV from steady state voltage with load. of Figure 1b. This parameter is sampled and not 100% tested. 


Output Timing Measurement Reference Level 1 .5 V 

Output Load (I/O Pins) See Figure la 

Output Load (Match Output) See Figure 1c 


READ CYCLE 


(ADDRESS CONTROLLED) 



(S CONTROLLED) 


^ ) r 
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COMPARE CYCLE (See Note 1) 


Characteristic 

Symbol 

MCMe2361-22 

MCM62361-25 

MCM62351-30 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Compare Cycle Time 

tAVAV 

tc 

25 

- 

30 

- 

35 

- 

ns 


Address Valid to Match Valid 

tAVMV 

tACA 

- 


- 


- 

IIQ3I 

mQii 


BCLR High to Match Valid 

tBCHMV 

tBCCA 

- 

mm 

- 


- 


ns 

2 

BSET High to Match Valid 

tBSHMV 

tBSCA 

- 

15 

- 

B 

- 

IIQII 

lUyi 

2 

Data Valid to Match Valid 

tDVMV 

tDCA 

~ 

mm 

- 

B 

- 

mm 



S Low to Match Valid 

tSLMV 

tCSCA 

- 

mm 

- 

B 

- 


BSI 


Match Hold from Address Change 

tAXMX 

tACH 

5 

- 

B 

- 

5 

- 

1031 


Match Hold from Data Change 

tDXMX 

tDCH 

3 

- 

3 

- 

3 

- 

3Sii 


§ High to Match Assert 

tSHMX 

«CH 

0 

mm 

0 

B 

0 

mm 

||||[|^3 


BCLR High to Output High-Z 

tBCHQZ 

tBCZ 

- 

9 

- 

10 

- 

mm 

— 

B 

BSET High to Output High-Z 

tBSHQZ 

tBSZ 

- 

9 

- 

10 

- 

mm 

1113111 

3 


mJES: __ 

1. R = V|h, W=V|h continuously during compare cycles. 

2. For brevity in signal names, BC is used to represent BCLR transitions, while BS is used to represent BSET transitions. 

3. Transition is measured ±5(X) mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 


COMPARE CYCLE 


(ADDRESS CDNTROLLED) 



(S CDNTRDLLED) 


^ ) r 



tSLMV — ► 

1 





tSHMX-J-d ► 



f 

-^tBSHMV — ► 



? 

■^tBCHMV—*- 




XXXXXXXX 


— tDVMV 






^ VALID ^ 
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MCM62351 


STANDARD WRITE CYCLE (See Note 1) 


Characteristic 

Symbol 

MCM62361-22 

MCM62351-2S 

MCM62361-30 

Unit 

Notes 

Standard 

Alternate 

1109 


IIQQI 


Min 

Max 

Write Cycle Time 

tAVAV 

fwc 


- 


- 


- 

IIQIII 


Write Pulse Width 

tWLWH/tSLSH 

tWLSH/tSLWH 

tWP 

tWP 

18 

- 

20 

- 

25 

- 

ns 


Address Setup to Beginning of Write 

tAVWL/tAVSL 


0 

- 


- 

0 

- 

ISI 


Address Valid to End of Write 

tAVWH/tAVSH 


mm 

- 

HB 

- 


- 

|[Q||| 


Data Valid to End of Write 

tDVWH/tDVSH 

tDW 

■El 

- 

mm 

- 

14 

- 

lESI 


Data Hold from Write End 

tWHDX/tSHDX 


0 

- 


- 

0 

- 



Write Low to Output High-Z 

tWLQZ 


- 

9 

- 

■El 

- 

mm 

||[Q||| 

ES 

Address Hold from Write End 

tWHAX/tSHAX 


0 

_ 

0 


0 


BSli 


Write Low to Match Assert 

TWLMX 


0 

■B 


mm 

0 

mm 

ISSI 

mm 

BSET/ftCLR Setup to Beginning of 

Write 

tBSHWL/tBSHSL 

tBCHWL/tBCHSL 


-1 

- 

-1 

- 

-1 


g 


BSET/BClR Hold Time from Write Start 

«WLBSX/tSLBSX 

tWLBCX/tSLBCX 

tBSH 

tBCH 

10 

- 

10 

- 

10 

- 

g 


Write High to Match Valid 

tWHMV 

tWCA 

- 


- 

■B 

- 

MSM 

[[[QH 

B 

Write High to Output Active 

tWHQX 

tow 

5 


5 


5 


IIQIIII 

IBM 


NOTES: _ _ 

1. A standard write occurs during the overlap of W and S low and BSET and bCLR high. The R pin is high continuously during a write cycle. 

2. Transition is measured ±5(X) mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 1(X)% tested. 

3. Both the match output and Q0-Q3 are shown as valid in the W controlled cycle below to convey their timing relative to W. In reality, only 
one of either match or Q0-Q3 can be valid at one time, as determined by BSETand BCLR inputs. 


A (ADDRESS) 


S (CHIP SELECT) 


W (WRITE ENABLE) 


BSET (BIT SET) 


BCLR (BIT CLEAR) 


D (DATA IN) 


Q (DATA OUT) 


MATCH 


STANDARD WRITE CYCLE 

(W CONTROLLED) (S CONTROLLED) 
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MCM62351 


BSET/BCLR WRITE CYCLE (See Note 1) 


Characteristic 

Symbol 

MCMe2361-22 

MCM623S1-25 

MCM62361-30 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

twc 

25 

- 

30 

- 

35 

- 

ns 


Write Pulse Width 

tWLWH/tSLSH 

tWLSH/tSLWH 

twp 

twp 

18 


20 

- 

25 


ns 


Address Setup to Beginning of Write 


tAS 

0 

- 

0 

- 

0 

- 

ns 


Address Valid to End of Write 

tAVWH/tAVSH 

tAW 

18 

- 


- 


- 



Data Setup to Beginning of Write 

tDVWL/tDVSL 

tDS 

-1 

- 

-1 

- 

-1 

- 


mm 

Data Hold from Write End 

tWHDX/tSHDX 

tDH 

0 

- 

0 

- 

0 

- 

ns 


Address Hold from Write End 

tWHAX/tSHAX 

tWR 

0 

- 


- 

0 

- 

lllElil 


W Low to Match Assert 

tWLMX 

tWCH 

0 

■B 

0 

mm 

0 

mm 



BSET/BClR Setup to Beginning of 

Write 

^BSLWL/tBSLSL 

^BCLWL/tBCLSL 

tBSS 

<BCS 

■ 

- 

-T 

- 

-1 

- 

B 

2 

BSET/BCLR Hold Time from Write Start 

tWLBSX/tSLBSX 

tWLBCX/tSLBCX 

tBSH 

tBCH 

10 

- 

10 

- 

10 

- 

B 


Write High to Match Valid 

tWHMV 

tWCA 

- 


- 


- 

IBIli 

IB9 



NOTES: _ _ 

1 . A BS ET/BC LR write oc curs during the overlap of W and SJow and BSET or BCLR low. The R pin is high continuously during a write 
cycle. bSET and BCLR write cycles can be W controlled or S con tro lled. O nly two of four possible cycles are shown here for brevity. 

2. Data output buffer must be in high-Z prior to start of either BSET or BCLR write cycles. Note that for W controlled cycles, the user must 
avoid excessive setup time o f BSET/BCLR to avoid bus contention. Data must be set up for towVL/'DVSL ensure the data i ntegrity 
of non-modified bits during BSET/BCLR write cycles. In the event that invalid data is presented for non-modified bits during the BSET/ 
BCLR write, note that it is not possible to recover the original data state by simply presenting valid data before the end of write. 


BSET WRITE CYCLE BCLR WRITE CYCLE 

(W CONTROLLED) (S CONTROLLED) 
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iHaH 


R Low to Inputs Recognized 
(Clear Cycle Time) 


R Pulse Width 

Read Setup to R Low 
Write Hold from R High 


R Low to Inputs Don't Care 


R Low to Match Assert 


R Low to Output High-Z 


NOTES: 

1 . The address, bSET, and BCLR inputs are don't cares during a clear cycle. 

2. The clear cycle is initiated at the falling edge of R. The tyvHRL fRHWL parameters must be satisfied to prevent an undesired configuration 
cycle. 

3. "Inputs" for this parameter refers to all inputs except W. 

4. Transition is measured ±5(X) mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 



CLEAR CYCLE 


(FROM READ CYCLE) 


(FROM COMPARE OR WRITE CYCLE) 


W (WRITE ENABLE) 


BSeT (BIT SET) 


BCLR (BIT CLEAR) 
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MCM62351 


CONFIGURATION CYCLE (See Notes 1 and 2) 


Characteristic 

Symbol 

MCM62351-22 

MCM62351-25 

MCM62351-30 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Configuration Control Pulse Width S 

tSLSH 

tSP 

20 

- 

25 

_ 

30 

- 

ns 

3 

R 

tRLRH 










Data Setup to End of Configuration S 




m 

n 

Hjj^H 

n 

B 


■Bi 

Cycle R 











W 








IBI 


^IB 

Data Hold from End of Configuration S 

tSHDX 


0 


H 


H 

B 


bb 

Cycle R 

tRHDX 








HI 

^^B 

W 

tWHDX 

mSSM 






BB! 

BB 

^Bl 

R High Pulse Width 


HSlSI 

5 

- 

5 

- 

5 

- 



Write Setup to R Low 

■HffiiiBi 


5 

- 

5 

- 

5 

- 

IE9IIII 


S Setup to End of Configuration 

tSLWH 

tsws 

20 

- 

25 

- 

30 

- 


a 


tSLRH 

tscs 








■1 

R Setup to End of Configuration 

tRLWH 

«SR 

20 

- 

B 

- 

IBB 

- 

BQI 


R Setup to S Low 

tRLSL 

tcss 

5 

- 

5 

- 

5 

- 

IE9li 

— 1 

S Setup to Beginning of Write 

tSHWL 

twss 

0 

- 

0 

- 

0 

- 



S High to Output High-Z 

tSHQZ 

tHZ 

- 

9 

- 

mm 

- 

B 


5 

W Low to Output High-Z 

tWLQZ 

tHZ 

- 

9 

- 

mm 

- 

BB! 

bb 

5 


NOTES: _ _ 

1. A configuration cycle is performed during the overlap of W low, R low, and ^ low. Address, DQ1, DQ2, DQ3, BSET, and BCLR inputs are 
don't cares during configuration cycles. 

2. To ensure proper configuration of the device during power up, chip select must be equal to or greater than V|h- 

3. A valid configuration can be performed with S asserted prior to R and W low transitions. Be aware, however, that array data may be altered 
under this condition. 

4. Note that terminating the cycle with R while leaving W and S asserted may cause array data to be altered. 

5. Transition is measured ±500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 


CONFIGURATION CYCLE 

(ARRAY PROTECTED) (ARRAY UNPROTECTED) 
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MCM62351 


ORDERING INFORMATION 
(Order by Full Part Number) 



Shipping Method (R2= Tape & Reel, Blanks Rails) 
Speed (22 = 22 ns, 25 = 25 ns, 30 = 30 ns) 

Package (P = Plastic, J = Plastic SOJ) 


Full Part Numbers- MCM62351 P22 MCM62351 P25 MCM62351 P30 

MCM62351J22 MCM62351J25 MCM62351J30 

MCM62351J22R2 MCM62351J25R2 MCM62351J30R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Product Preview 

4K X 4 Bit Cache Address Tag 
Comparator 

with System Status Bit Functions 


The MCM62351 is a 16,384 bit cache address tag comparator organized as 4096 tags 
of 4 bits, fabricated using Motorola's high-performance silicon-gate CMOS technology. 
The device Integrates a 4K x 4 SRAM core, an on-board comparator, and special pin 
functions for tag valid and system status bit applications. These functions allow easy 
interface to the MG68020 and MC68030 microprocessors, or any other environment 
where efficient implementation of external cache memory is required. 

The device has a reset (R) pin for flash clear of the RAM, which is usefu l for system 
initialization. Individual bits within a tag can be set or cleared via the BSET and BCLR 
control Input pins for valid bit updates. 

The MCM62351 has two configurable comparator modes. The comparator can be con- 
figured as standard XNOR (exclusive NOR) for address tag comparison, or AOI (AND- 
OR-Invert) for determining whether specific bits in the 4-bit word are set (for system 
status applications). The configuration of the comparator is accomplished by performing 
a write cycle with the R pin held low. The match output is open drain, allowing efficient 
combination of multiple match outputs using a wired-OR connection. 

• Single 5 V ± 10% Power Supply 

• Fast Address to Match Time; 20 ns max 

• Fast Data to Match Time; 10 ns max 

• Fast Read of Tag RAM Contents; 20 ns max 

• Flash Clear of the Tag RAM; 70 ns max 

• Open Drain Match Output 

• Bit Manipulation of Tags via BSET and BCLR Writes 

• Configurable Comparator Modes: XNOR Mode for Address Tag Comparison 

AOI Mode for System Valid Bit Comparison 


BLOCK DIAGRAM 


A0-A6- 


0Q0-DQ3 


ROW 

ADDRESS 

BUFFER 


ROW 


MEMORY 

MATRIX 

128 ROWS 
x128 COLUMNS 

/ ^ 

DECODER 






1 CLEAR 1 

1 






' • 



H-[>match 


MCM62351-20 



PIN ASSIGNMENT 

A4[ 

1 • 

24 

Ivcc 

A5[ 

2 

23 

lA3 

A8[ 

3 

22 

]A2 

A7[ 

4 

21 

1A1 

A8[ 

5 

20 

]A0 

Ag[ 

8 

19 

IR 

A10[ 

7 

18 

Ivss 

A11[ 

8 

17 

]0Q3 

n 

9 

18 

]DQ2 

wi 

10 

15 

]DQ1 

bClr[ 

11 

14 

]0Q0 

bSet[ 

12 

13 

] MATCH 


PIN NAMES 


A0-A11 Address Inputs 

W Write Enable 

S . Chip Select 

BOLR Bit Clear Control Input 

BSET Bit Set Control Input 

R Reset (Flash Clear) Input 

MATCH Match (Hit) Output 

DQ0-DQ3 Data Input/Output 

Vcc +5V Power Supply 

Vss Ground 


This document contains infonnation on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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SfGNAL DESCRIPTIONS 

A0-A11 -ADDRESS INPUTS 

The address tines are used for indexing into the tag RAM 
portion of the chip. 

DQ0-DQ3-DATA INPUT/OUTPUT 

The data lines are used as input for compare, write, and 
configuration cycles, and as output for read cycles. 

BSlT-BIT SET CONTROL INPUT 
This contro l signal is used for ORing data into the tag RAM 
during BSET write cycles. Independent bits within the tag can 
be set using th e appro priate mask, as indicated in the bit set 
truth table. The BSET input can also be used to initiate a read 
cycle. 


BCLR-BIT CLEAR CONTROL INPUT 

This control signal is used for AN Ding the complement of 
data into the tag RAM during BCLR write cycles. Independent 
bits within the tag can be cleared using the appropriate mask. 


FUNCTIONAL TRUTH TABLE 


s 

W 

BCLR 

BSET 

R 

DQ0-DQ3 

Match 

Cycle 

L 

H 

H 

H 

H 

Compare 0;^ 

Valid 

Compare 

L 

H 

L 

X 

H 

Read DQyf 

Assert 

Read 

L 

H 

X 

L 

H 

Read Doyf 

Assert 

Read 

L 

L 

H 

H 

H 

Write Din 

Assert 

Write 

L 

L 

L 

H 

H 

Bit Clear Mask 

Assert 

BCLR Write 

L 

L 

H 

L 

H 

Bit Set Mask 

Assert 

BSET Write 

X 

H 

X 

X 

L 

High-Z 

Assert 

Clear (Reset) 

L 

L 

X 

X 

L 

Config Djn* 

Assert 

Configuration 

H 

X 

X 

X 

H 

High-Z 

Assert 

Deselect 


^DQ1, DQ2, and DQ3 are don't cares during a configuration cycle. 


L=Low 
H = High 
0= False 
1 =True 
X = Don't Care 


COMPARATOR TRUTH TABLE 


Type 

DQO 

DQ1 

002 

DQ3 

RAMQO 

RAMQ1 

RAMQ2 

RAMQ3 

Match 

XNOR 

QO 

Q1 

02 

03 

OO 

01 

02 

03 

1 

XNOR 

05 

Q1 

02 

03 

oo 

01 

02 

03 

0 

AOI 

QO 

01 

02 

03 

OO 

01 

02 

03 

1 

AOI 

L 

Q1 

02 

03 

X 

01 

02 

03 

1 

AOI 

H 

01 

02 

03 

L 

01 

02 

03 

0 


as indicated in the bit clear truth table. The BCLR input can 
also be used to in itiate a read cycle (note that at least one of 
the BSET/BCLR signals must be asserted to trigger a read 
cycle). 

R- RESET (FLASH CLEAR) INPUT 

The reset control signal is used to initiate a clear cycle or a 
configuration cycle. 

S-CHIP SELECT 

This control signal is used to chip select the device. 

W-WRITE ENABLE 

The write enable signal is used to initiate write cycles. 

MATCH -MATCH (HIT) OUTPUT 

This output signal is used to indicate a match of DQ0-DQ3 
inputs with the contents of the tag RAM addressed by AO- 
All. 


BIT CLEAR TRUTH TABLE (See Note) 


Data 

In 

Initial 

Stored Data 

Final 

Stored Data 


0 

0 

0 

Bit 

0 

1 

1 

Unchanged 

1 

0 

0 

Bit Cleared 

1 

1 

0 

to "Zero" 


NOTE: These tables reflect the behavior of single bit positions. 
The four bits in the tag can all be set or cleared in tandem, 
or bits within the tag can be independently set or cleared 
with the appropriate mask. 


CONFIGURATION TABLE 


DQO 

Comparator 

Type 

L 

H 

XNOR 

AOI 


BIT SET TRUTH TABLE (See Note) 


Data 

In 

Initial 

Stored Data 

Hnal 

Stored Data 


0 

0 

0 

Bit 

0 

1 

1 

Unchanged 

1 

0 

1 

Bit Set 

1 

1 

1 

to "One" 


AOI COMPARATOR LOGIC DIAGRAM 
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MCM62351-20 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high imped- 
ance circuit. 

The power supply (Vcc^ should be stable 
for at least 100 /ts before operating the de- 
vice. During this interval, the part will in- 
ternally configure itself for XNOR compares. 
In addition, the memory array of RAM bits 
will be cleared. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc=5-0 V ± 10%, Ta= 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Referenced to Vss=0 V) 


Parameter 



Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

vcc 


5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

- 

Vcc + 0.3 

V 

Input Low Voltage 


-0.5* 

- 

0.8 

V 


*V|L mln= -0.5 V dc; V|l min= -3.0 V ac (pulse width :s20 ns) 


DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 


Input Leakage Current (All Inputs V;n=0 to Vcc) 

l|kg(l) 

- 

±1.0 

mA 

Output Leakage Current (^=V|h, Vout=0 to Vcc) 

•ika(O) 

- 

±1.0 

mA 

Match Output Leakage Current (Match Asserted) 


- 

±2.0 

#tA 

AC Supply Current (5 =V|l, lout=0 mA, t/vvAV^fAVQV 

ICCA 

- 

140* 

mA 

Output Low Voltage (I/O Pins: Iol= 8-0 rnA, Match Output: loL=23.0 mA) 

VOL 

- 

0.4 

V 

Output High Voltage (I/O Pins: Iqh^^^’O mA) 

VOH 

2.4 

- 

V 


^ICC sctive current for the clear cycle exceeds this specification. However, this is a transient phenomenon and will not affect the power dissipation 
of the device. Good decoupling of the local power supply should always be used. 


CAPACITANCE (f=1.0 MHz, dV=3.0 V, Ta= 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Input Capacitance 

Cin 

4 

5 

PF 

I/O Capacitance 

Cout 

5 

7 

pF 

Match Output Capacitance 

Cmatch 

6 

7 

pF 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss=0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Voltage Relative to Vss for Any Pin 
Except Vcc 

Vin/Vout 

-0.5 to Vcc + 0.5 

V 

Output Current Match Output 

I/O Pins, Per I/O 

^out 

40 

20 

mA 

Power Dissipation (Ta=25°C) 

Pd 

1.0 

W 

Operating Temperature 

Ta 

0 to +70 

°C 

Storage Temperature 

*F8ta 

-55 to +125 

oc 

Temperature Under Bias 

l^bias 

-10 to +85 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


AC TEST LOADS 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5 V ±10%, Ta= 0 to +70®C, Unless Othenvise Noted) 


input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load (I/O Pins) See Figure la 

Input Rise/Fall Time 5 ns Output Load (Match Output) See Figure 1c 


READ CYCLE (See Note 1) 


Characteristic 

Symbol 

MCM62361-20 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Read Cycle Time 

fAVAV 

tRC 

20 

- 



Address Access Time 

tAVQV 

tAA 

- 

20 

mom 


Select Access Time 

tSLQV 

tACS 

- 

11 

IIBSi 


BCLR Access Time 

tBCLQV 

tABC 

- 

20 

ns 

2 

B§ET Access Time 

tBSLQV 

tABS 

- 

20 

IHJIIIII 

2 

Output Hold from Address Change 

tAXQX 

tOH 

5 

- 



Select Low to Output Active 

tSLQX 


5 

- 

ns 

3 

BSET/BCiLR Low to Output Active 


tLZ 

7 

- 

IBSIII 

3 

S High to Output High-Z 

tSHQZ 


- 

8 

BSII 

3 

BSET/BCLR High to Output High-Z 

tBSHQZ/'BCHQZ 

tHZ 

- 

8 

ns 

3 

BSET/ BCLR Low to Match Assert 

TBSLMX/tBCLMX 

tCH 

0 

15 

ns 



NOT^: _ 

1 . R = V|h, W = V|h continuously during read cycl es. One o f eithe r BSET or BCLR pins must be asserted low to activate the outputs. The 

match output becomes asserted when either the BS ET or BOlR pin transitions low. 

2. For brevity in signal names, BC is used to represent BCLR transitions, while BS is used to represent BSET transitions. 

3. Transition is measured ±500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 


READ CYCLE 

(ADDRESS CONTROLLED) (S CONTROLLED) 




MOTOROLA MEMORY DATA 


5-90 


























MCM62351-20 


COMPARE CYCLE (See Note 1) 


Characteristic 

Symbol 

MCM62351-20 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Compare Cycle Time 

tAVAV 

tc 

20 

- 

ns 


Address Valid to Match Valid 

tAVMV 

tACA 

- 

20 

ns 


BCLR High to Match Valid 



~ 

15 

ns 

2 

BSET High to Match Valid 



- 

15 

ns 

2 


tDVMV 


- 

10 



S Low to Match Valid 



- 

12 

— 


Match Hold from Address Change 


tACH 

5 

- 

IIIQIIII 


Match Hold from Data Change 

tDXMX 

tDCH 

3 

- 



S High to Match Assert 


tCH 

0 

10 

ns 


BCLR High to Output High-Z 

tBCHQZ 

tBCZ 

- 

8 

ns 

3 

BSET High to Output High-Z 

tBSHOZ 

tBSZ 

- 

8 

HQIII 

3 


NOTK: _ 

1. R = V|H, W = V|H continuously during compare cycles. 

2. For brevity in signal names, BC is used to represent BCLR transitions, while BS is used to represent BSET transitions. 

3. Transition is measured ±500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 


COMPARE CYCLE 


(ADDRESS CONTROLLED) 



(S CONTROLLED) 


X " 


^ 

-1 — tSLMV — ► 

V 

/ 

— 


tSHMX-4*< ► 



1 

IBSHMV — ► 



7 

( 

tRCHMV — ► 




XXXXXXXX 


-—tDVMV 







r 
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MCM62351-20 


STANDARD WRITE CYCLE (See Note 1) 


Characteristic 

Symbol 

MCM62351-20 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Write Cycle Time 

tAVAV 

twc 

20 

- 

ns 


Write Pulse Width 

tWLWH/tSLSH 

tWLSH/tSLWH 

twp 

twp 

14 

- 

ns 


Address Setup to Beginning of Write 

tAVWL/tAVSL 

tAS 

0 

- 

ns 


Address Valid to End of Write 

tAVWH/tAVSH 

tAW 

16 

- 

ns 


Data Valid to End of Write 

tOVWH/toVSH 

tow 

10 

- 

ns 


Data Hold from Write End 

tWHDX/tSHDX 

tDH 

0 

- 

ns 


Write Low to Output High-Z 

tWLQZ 

twz 

- 

8 

ns 

2, 3 

Address Hold from Write End 

tWHAX/tSHAX 

tWR 

0 

- 

ns 


Write Low to Match Assert 

tWLMX 

tWCH 

0 

15 

ns 

3 

BSET /BCLR Setup to Beginning of Write 

tBSHWL/tBSHSL 

tBCHWL/*BCHSL 

tBSS 

<BCS 

-1 

- 

ns 


BSET /BCLR Hold Time from Write Start 

tWLBSX/tSLBSX 

tWLBCX/tSLBCX 

tBSH 

tBCH 

10 

- 

ns 


Write High to Match Valid 

tWHMV 

tWCA 

- 

20 

ns 

3 

Write High to Output Active 

tWHQX 

tow 

3 

- 

ns 

2, 3 


NOTES: _ _ 

1. A standard write occurs during the overlap of W and S low and BSET and BCLR high. The R pin is high continuously during a write cycle. 

2. Transition is measured ±500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 

3. Both the match output and Q0-Q3 are shown as valid in the W controlled cycle belo w to co nvey their timing relative to W. In reality, only 
one of either match or Q0-Q3 can be valid at one time, as determined by BSET and BCLR inputs. 

STANDARD WRITE CYCLE 

(W CONTROLLED) (S CONTROLLED) 



MOTOROLA MEMORY DATA 


5-92 














MCM62351-20 


BSET/BCLR WRITE CYCLE (See Note 1) 


Characteristic 

Symbol 

MCM62351-20 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Write Cycle Time 

tAVAV 

fwc 

20 

- 

ns 


Write Pulse Width 

tWLWH/tSLSH 

tWLSH/tSLWH 

twp 

twp 

14 

- 

ns 


Address Setup to Beginning of Write 

tAVWL/^AVSL 

tAS 

0 

- 

ns 


Address Valid to End of Write 

tAVWH/tAVSH 

tAW 

14 

- 

ns 


Data Setup to Beginning of Write 

tDVWL/tDVSL 

tDS 

0 

- 

ns 

2 

Data Hold from Write End 

tWHDX/tSHDX 

tDH 

0 

- 

IIIIB 


Address Hold from Write End 

fWHAX/tSHAX 

tWR 

0 

- 



W Low to Match Assert 

tWLMX 

tWCH 

0 

15 

ns 


BSET /BCLR Setup to Beginning of Write 

^BSLWL/tBSLSL 

tBCLWL^tBCLSL 

tBSS 

tBCS 

-1 

- 

ns 

2 

BSET/BCLR Hold Time from Write Start 

tWLBSX/tSLBSX 

tWLBCX/tSLBCX 

tBSH 

tBCH 

10 

- 

ns 


Write High to Match Valid 

tWHMV 

tWCA 

- 

20 

ns 



NOTES : _ _ 

1 . A bS eT/BO LR write occurs during the overlap of W and S low and BSET or BCLR low. The R pin is high continuously during a write 
cycle. BSET and BCLR write cycles can be W controlled or S controlled. Only two of four possible cycles are shown here for brevity. 

2. Data output buffer must be i n high - Z prior to start of either BSET or BCLR write cycles. Note that for W controlled cycles, the user must 

avoid excessive setup time of BSET/BCLR to avoid bus contention. Data must be set up for tovWL/^DVSL ensure the data integrity 

of non -modified bits during BSET/BCLR write cycles. In the event that invalid data is presented for non-modified bits during the BSET/ 
BCLR write, note that it is not possible to recover the original data state by simply presenting valid data before the end of write. 


BSET WRITE CYCLE BCLR WRITE CYCLE 

(W CONTROLLED) (S CONTROLLED) 
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MCM62351-20 



R Low to inputs Recognized 
(Clear Cycle Time) 


R Pulse Width 


Read Setup to R Low 


Write Hold from R High 




R Low to Match Assert tRLMX tMH ^ I I I 

R Low to Output High-Z tRLQZ *CZ ~ 15 ns 4 

NOTES: 

1 . The address, BSET, and BCLR inputs are don't cares during a clear cycle. 

2. The clear cycle is initiated at the falling edge of R. The tyyHRL iRHWL parameters must be satisfied to prevent an undesired configuration 

cycle. 

3. "inputs" for this parameter refers to all inputs except W. 

4. Transition is measured ±500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 


R Low to Output High-Z 


CLEAR CYCLE 


(FROM READ CYCLE) 


(FROM COMPARE OR WRITE CYCLE) 



W (WRITE ENABLE) 


BSeT (BIT SET) 


BCLR (BIT CLEAR) 
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MCM62351-20 


CONFIGURATION CYCLE (See Notes 1 and 2) 


Characteristic 

Symbol 

MCM62361-20 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Configuration Control Pulse Width S 

tSLSH 

tSP 

20 

- 

ns 

3 

R 

tRLRH 

tSP 





Data Setup to End of Configuration ^ 

tDVSH 

tDS 

10 


ns 


Cycle R 

tDVRH 

tDS 





W 

tDVWH 

tDS 





Data Hold from End of Configuration S 

tSHDX 

tDH 

0 

- 

ns 


Cycle R 

tRHDX 

tDH 





W 

tWHDX 






R High Pulse Width 

tRHRL 

tCP 

5 

- 

ns 


Write Setup to R Low 

tWLRL 

tws 

5 

- 



^ Setup to End of Configuration 

tSLWH 

tsws 

20 

- 




tSLRH 

tscs 





R Setup to End of Configuration 

tRLWH 

tSR 

20 

- 

ns 


R Setup to S Low 

tRLSL 

tcss 

5 

- 

ns 

3 

S Setup to Beginning of Write 

tSHWL 

twss 

0 

- 

IQII 


S High to Output High-Z 

tSHQZ 

tHZ 

- 

9 


5 

W Low to Output High-Z 

tWLQZ 

tHZ 

- 

9 

ns 

5 


NOTES: _ 

1. A configuration cycle is performed during the overlap of W low, W low, and F low. Address, DQ1, DQ2, DOS, BSET, and BCHIR inputs are 
don't cares during configuration cycles. 

2. To ensure proper configuration of the device during power up, chip select must be equal to or greater than V|h- 

3. A valid configuration can be performed with S asserted prior to R and W low transitions. Be aware, however, that array data may be altered 
under this condition. 

4. Note that terminating the cycle with R while leaving W and S asserted may cause array data to be altered. 

5. Transition is measured ±500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 


CONFIGURATION CYCLE 

(ARRAY PROTECTED) (ARRAY UNPROTECTED) 
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MCM62351-20 


Motorola Memory Prefix ■ 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 62361 X XX XX 




-Shipping Method (R2 = Tape & Reel, Blank = Ralls) 
- Speed (20 = 20 ns) 

-Package (P = Plastic, J = Plastic SOJ) 


Full Part Numbers- MCM62351P20 
MCM62351J20 
MCM62351J20R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MCM62963 




FN PACKAGE 
44>LEAD PLCC 
CASE 777 


Product Preview 

4K X 1 0 Bit Synchronous Static RAM 

with Output Registers 

The MCM62963 is a 40,960 bit synchronous static random access memory organized as 
4096 words of 10 bits, fabricated using Motorola's second-generation high-performance 
silicon-gate CMOS (HCMOS III) technology. The device integrates input registers, high 
speed SRAM, and high-drive capability output registers onto a single monolithic circuit. 

This allows reduced parts count implementation of cache data RAM, writeable control 
store applications, and other applications that utilize long words. 

Synchronous design allows precise cycle control with the use of an external clock (K), 
while CMOS circuitry reduces the overall power consumption of the integrated functions pil\l ASSIGNMENT 
for greater reliability. 

The address (A0-A11), data (D0-D9), write (W), and chip enable (E) in- 
puts are all clock (K) controlled, positive-edge-triggered, noninverting 
registers. _ 

The chip enable (E) input is a synchronous input clock that places the 
device in a low power mode when high at the rising edge of the clock (K). 

The MCM62963 provides output register operation. At the rising edge of 
clock (K), the RAM data from the previous clock (K) high cycle Is 
presented. 

Write operations are Internally self-timed and initiated by the rising edge 
of the clock (K) input. This feature eliminates complex off-chip write pulse 
generation and provides increased flexibility for incoming signals. 

• Single 5 V ± 10% Power Supply 

• Fast Cycle Times: 20/25/30 ns Max 

• Fast Clock (K) Access_TimesM0/10/13 ns Max 

• Address, Data Input, E, and W Registers On-Chip 

• Output Registers for Fully Pipelined Applications 

• High Output Drive Capability 

• Internally Self-Timed Write Pulse Generation 

• Separate Data Input and Data Output Pins 

BLOCK DIAGRAM 




MSB LSB 


PIN NAMES 


^A11 Address Inputs 

W Write Enable 

1 Chip Enable 

D0-D9 Data Inputs 

Q0-Q9 Data Outputs 

K Clock Input 

Vcc +5 V Power Supply 

Vss Ground 

VssQ Output Buffer Ground 

NC No Connection 


For proper operation of the device N/gs 
and both VssQ leads must be con- 
nected to ground. 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCM62963 


TRUTH TABLE 


I 

W 

Operation 

Q0-Q9 

Current 

L 

L 

Write 

High Z 

•cc 

L 

H 

Read 

Dout 

Icc 

H 

X 

Not Selected 

HighZ 

'SB 


NOTE: The values of 1 and W are valid inputs for the setup and hold times relative to 
the K rising edge. 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to VSS=VSSQ=0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Voltage Relative to Vss/VssQ Any 

Pin Except Vcc 

Vin» Vout 

-0.5 to Vcc+0>5 

V 

Output Current (per I/O) 

lout 

±20 

mA 

Power Dissipation (Ta=25®C) 

Pd 

1.5 

W 

Temperature Under Bias 

^bias 

-10 to +85 

°C 

Operating Temperature 

Ta 

Oto +70 

°C 

Storage Temperature 

^stg 

-55 to +125 

°C 


NOTE: Permanent device damage may occur rf ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 

This is a synchronous device. All synchron- 
ous inputs must meet the specified setup 
and hold times with stable logic levels for 
ALL rising edges of clock (K) while the de- 
vice is selected. 

This device contains circuitry that will en- 
sure the output devices are in High Z at 
power up. Care should be taken by the user 
to ensure that all clocks are at V||_ or V|h 
during power up to prevent spurious read 
cycles from occurring. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, Ta= 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss=VsSQ=0 V) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

- 

Vcc + 0.3 

V 

Input Low Voltage 

V|L 

-0.5* 

- 

0.8 

V 


*V|L (min)= -3.0 V ac (pulse width ^20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 



|Q2QI| 

Input Leakage Current (All Inputs, Vin = 0 to Vcc) 

l|ka(l) 

- 

±1.0 

HmH 

Output Leakage Current (E = V|h, Vout = 0 to VcC/ Outputs must be high-Z) 

>lkQ(0) 

- 

±1.0 

mA 

AC Supply Current (E = V|l, All Inputs = V||_ or Vm, lout = 0 mA, Cycle 

TimesrtKHKH fTi'n) MCM62963-20: tKHKH = 20 ns 

•cCA 



mi 

MCM62963-25: tKHKH=25ns 


— 



MCM62963-30: tKHKH = 30ns 


- 



Standby Current (E = V|h, V|hs3.0 V, V|l< 0.4 V, lout = 0 mA, Cycle 

Timea: =tKHKH f^'n) 

>SB 

- 

30 


Output Low Voltage (loL= 12.7 mA) 

VOL 

- 

0.4 

V 

Output High Voltage (Iqh =-1.8 mA) 

VOH 

2.8 

- 

V 


CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, Ta = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Input Capacitance 

C|n 

4 

6 

PF 

Output Capacitance 

Cout 

5 

7 

PF 
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MCM62963 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

{Vcc = 5.0 V ±10%, TA = 0to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1A Unless Otherwise Noted 

Input Rise/ Fall Time 5 ns 


READ CYCLE (See Note 1) 


Parameter 

Symbol 

MCM62963-20 

MCM62963-2S 

MCMfi2963-30 

Unit 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

tKHKH 

20 

- 

25 

- 

30 

- 

ns 

2 

Clock Access Time 

tKHQV 

- 

10 

- 

10 

- 

13 

ns 

3 

Output Active from Clock High 

fKHQX 

3 

- 

3 

- 

3 

- 


4 



- 

10 

- 

10 

- 

13 

B!9 

4 

Clock Low Pulse Width 

tKLKH 

5 

- 

5 

- 

5 

- 

HHHQII 


Clock High Pulse Width 

tKHKL 

5 

- 

5 

- 

5 

- 

— 


Setup Times for: E 

A 

W 

tEVKH 

tAVKH 

fWHKH 


■ 

5 

■ 

5 

■ 


5 

Hold Times for: E 

A 

W 

tKHEX 

fKHAX 

tKHWX 

3 

■ 

3 

■ 

3 

■ 

ns 

5 


NOTES: _ 

1 . A read is defined by W high and E low for the setup and hold times. 

2. All read cycle timing is referenced from K. 

3. Valid data from K high will be the data stored at the address of the last valid read cycle. 

4. Transition is measured ±500 mV from steady-state voltage with load of Figure 1B. This parameter is sampled not 100% tested. At any 

given voltage and temperature, t^noz ^KHQX ^ given device. 

5. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 


AC TEST LOADS 




Figure 1A 


Figure 1B 
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MCM62963 


READ CYCLE 1 (See Note 1) 




NOTE: ^ 

1. The outputs On -3 and Qn-2 ^re derived from two previous read cycles where W = V|h and E = V|l for those cycles. 
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MCM62963 


WRITE CYCLE (W Controlled, See Note 1) 


Parameter 

Symbol 

MCM62963-20 

MCM62963-25 

MCM62963-30 

Unit 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

tKHKH 

20 

- 

25 

- 

30 

- 

ns 

2 


tKHQZ 

- 

10 

- 


- 

13 

ns 

3 

Setup Times for: E 

A 

W 

D 

tEVKH 

tAVKH 

tWLKH 

tQVKH 

5 


5 


5 

■ 


■ 

Hold Times for: E 

A 

W 

D 

tKHEX 

tKHAX 

tKHWX 

tKHDX 

3 


3 


3 


ns 

4 


NOTES: _ 

1 . A write is performed when W and E are both low for the specified setup and hold times. 

2. All write cycle timing is referenced from K. 

3. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. This parameter is sampled not 100% tested. At any 

given voltage and temperature, tKHQZ is less than t^nox s given device. 

4. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 


WRITE CYCLE 


K (CLOCK) ^ 

tKHKH 

^ 





r 



/ 

-tEVKH 

tEVKH H 

■1 



BS 

■ 

-tKHEX 1 

■1 


■ 


WKHBBBt 

■ 

■ 

aBBSOSBK 

1 

tAVKH- 



-tKHAX tAVKH-J 

i 


R 

-tKHAX 


9HH 


' A„ ^ 

S Z / 


flUiliKii 


( An + 2 



J35 


33SS 



pBl 

-tWLKH 


n 

■ 

HBSBHS 

■ 

■! 

mB8 

1 



9B[ 


-tKHOX ^OVKH- 

■SB 

SS! 



3Q3I 



'mmm. 


’mmm 



k- 

*|— tKHQV U 

-►j- tKHQZ 

^ highz 

V 

Q (DATA OUT) On -2 - 

J 

k 


ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 62963 X XX 

Motorola Memory Prefix 
Part Number 

Full Part Numbers- MCM62963FN20 MCM62963FN25 MCM62963FN30 

MOTOROLA MEMORY DATA 


T 


-Speed (20=20 ns, 25 = 25 ns, 30 = 30 ns) 


_ /CM _ Di /Nrk\ 
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MCM62964 


Product Preview 

4K X 1 0 Bit Synchronous Static RAM 

with Output Registers end Output Enebie 

The MCM62964 is a 40,960 bit synchronous static random access memory organized as 
4096 words of 10 bits, fabricated using Motorola's second-generation high-performance 
silicon-gate CMOS (HCMOS ill) technology. The device integrates input registers, high 
speed SRAM, and high-drive capability output registers onto a single monolithic circuit for 
reduced parts count implementation of cache data RAM, writeable control store applica- 
tions, and other applications that utilize long words. 

Synchronous design allows precise cycle control with the use of an external clock (K), 
while CMOS circuitry reduces the overall power consumption of the integrated functions 

for greater reliability. 

The address (A0-A11), data (D0-D9), and write (W) inputs are all dock a o c 

(K) controlled, positive-edge-triggered, noninverting registers. 

The MCM62964 provides output register operation. At the rising edge of 
clock (K), the RAM data from the previous clock (K) high cycle is 
presented. _ 

The output enable (G) provides asynchronous bus control for common 
I/O or bank switch applications. 

Write operations are internally self-timed and initiated by the rising edge 
of the clock (K) input. This feature eliminates complex off-chip write pulse 
generation and provides increased flexibility for incoming signals. 

• Single 5 V ± 10% Power Supply 

• Fast Cycle Times: 20/25/30 ns Max 

• Fast Clock (K) Access Tirri^: 10/10/13 ns Max 

• Address, Data Input, and W Registers On-Chip 

• Output Enable for Asynchronous Bus Control 

• Output Registers for Fully Pipelined Applications 

• High Output Drive Capability 

• Internally Self-Timed Write Pulse Generation 

• Separate Data Input and Data Output Pins 




FN PACKAGE 
44-LEAD PLCC 
CASE 777 


PIN ASSIGNMENT 


U» o "<*■ CO CM 



AQ-A11 


00-D9 



LSB 


This document contains infonnation on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCM62964 


TRUTH TABLE 


w 

Operation 

Q0-Q9 

Current 

L 

Write 

HighZ 

•CCA 

H 

Read 

Dout 

•CCA 


NOTE: The value W is a valid input for the setup and hold times relative to the K rising 
edge. 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss’^VsSQ^O V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Voltage Relative to Vss/VsSQ ^^y 

Pin Except Vqc 

Vin» Vout 

-0.5 to Vcc + 0-5 

V 

Output Current (per I/O) 

•out 

±20 

mA 

Power Dissipation (Ta=25°C) 

Pd 

1.5 

W 

Temperature Under Bias 

^bias 

-10 to +85 

“C 

Operating Temperature 

Ta 

Oto +70 

°C 

Storage Temperature 

Istfl 

-55 to +125 

OC 


NOTE; Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 

This is a synchronous device. All synchron- 
ous inputs must meet the specified setup 
and hold times with stable logic levels for 
ALL rising edges of clock (K) while the de- 
vice is selected. 

This device contains circuitry that will en- 
sure the output devices are in High Z at 
power up. Care should be taken by the user 
to ensure that all clocks are at V|l or V|h 
during power up to prevent spurious read 
cycles from occurring. 

This CMOS memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the tables, after thermal equilib- 
rium has been established. The circuit is in 
a test socket or mounted on a printed circuit 
board and transverse air flow of at least 500 
linear feet per minute is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5-0 V ± 10%, Ta= 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = VsSQ=^ 


Parameter 


Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 


4.5 

5.0 

5.5 

V 

Input High Voltage 


2.2 

— 


V 

Input Low Voltage 

1 V,L 1 

-0.5* 

- 

1 0.8 1 

V 


*V|L (min)= -3.0 V ac (pulse width ^20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vjn = 0 to Vcc) 

■ikad) 

- 

±1.0 

/*A 

Output Leakage Current (G = V|h, Vout=0 to VcC/ Outputs must be high-Z) 

l|kg(0) 

- 


fA 

AC Supply Current (G = V|l, All Inputs = V|l or V||-|, lout = 0 Cycle 

Time^tKHKH 'ti*'’) MCM62964-20: tKHKH=20 ns 

•CCA 

_ 



MCM62964-25: tKHKH = 25ns 


— 



MCM62964-30: tKHKH = 30ns 


- 



Output Low Voltage (loL= 12-7 mA) 

VOL 

- 

0.4 

V 

Output High Voltage (Iqh = - 1 -8 mA) 

VOH 

2.8 

- 

V 


CAPACITANCE (f=1.0 MHz, dV = 3.0 V, Ta = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Typ 

Max 


Input Capacitance 

Oin 

4 

6 

PF 

Output Capacitance 

Cout 

5 

7 

PF 
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MCM62964 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc=5.0 V ±10%, Ta=? 0 to +70°C, Unless Othen«/lse Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1A Unless Otherwise Noted 

Input Rise/Fall Time 5 ns 


READ/WRITE CYCLE 


Parameter 

Symbol 

MCM62964-20 

MCMe2964-26 

MCM62964-30 

Unit 

Notes 

Min 

Max 


Max 

Min 

Max 

Read Cycle Time 

tKHKH 

20 

- 

25 

- 

30 

- 


MB 

Write Cycle Time 


20 

- 

25 

- 

30 

- 

ISi 


Clock High Access Time 

fKHQV 

- 

10 

- 

10 

- 

13 


in 

?3 Low to Output Valid 

fGLQV 

- 

10 

- 

10 

- 

13 

ns 

3 



0 

- 


- 

0 

- 



Output Active from G Low 

tGLQX 

0 

- 

0 

- 

0 

- 



Clock Low Pulse Width 

fKLKH 

5 

- 

5 

- 

5 

- 



Clock High Pulse Width 

tKHKL 

5 

- 

5 

- 

5 

- 

BSI 


Setup Times for: A 

D 

W 

tAVKH 

tOVKH 

tWVKH 

5 


5 

■ 


■ 

ns 

1,2, 5 

Hold Times for: A 

D 

W 



■ 


■ 

3 

■ 

ns 

1,2, 5 

Clock High to Output High Z (W=V||_) 


0 


0 

10 

0 

13 

d 

Kitl 

G High to Output High Z 


0 

10 

0 

10 

0 

13 

■a 

HSH 


NOTES: __ 

1. A read is defined by W high for the specified setup and hold times. 

2. A write is defined by W low for the specified setup and hold times. 

3. All read and write cycle timing is referenced from K or from Za. 

4. Valid data from K high will be the data stored at the address of the last valid read cycle. 

5. This is a synchronous device. Ail synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 

6. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. This parameter is sampled and not 100% tested. At any 

given voltage and temperature, t^HOZ ^KHQX fGHQZ ^GLQX for a given device. 

7. ^ becomes a don't care signal for successive writes after the first write cycle. 


AC TEST LOADS 




Figure 1A 


Figure IB 
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MCM62964 


READ CYCLE 


K (CLOCK) 




G (OUTPUT ENABLE) 


tAVKH- 




-tKHKH- 


-tKHKL- 


-tKLKH- 


K 




-tKHAX - 


A (AOORESS) 

tWVKH 

W (WRITE ENABLE) 


An-1 


tAVKH- 


Z7 


tKHWX twVKH 


/ 


\ 


-IKHQV 


Q (DATA OUT) Qn-3 


xz 




-tKHAX 


► -tKHWX 


-tKHWX 


- tGHQZ ■ 


Qn-2 


tGLQX- 


tAVKH- 


tWVKH 


/ 


HH 

HHI 

iAHKi 



ta 



-tGLQV- 


-tKHAX 


-tKHQV- 


r -aXSC^ZXZZ 


WRITE CYCLE 


(SEPARATE I/O MODE) 


(COMMON I/O MODE) 




Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 


62964 X 


XX 


I 


Speed (20=20 ns, 25 = 25 ns, 30 = 30 ns) 


-Package (FN = PLCC) 


Full Part Numbers- MCM62964FN20 MCM62964FN25 MCM62964FN30 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MCM62965 


Product Preview 

4K X 1 0 Bit Synchronous Static RAM 

with Transparent Outputs and Output Enable 

The MCM62965 is a 40,960 bit synchronous static random access memory organized as 
4096 words of 10 bits, fabricated using Motorola's second-generation high-performance 
silicon-gate CMOS (HCMOS ill) technology. The device integrates input registers, high 
speed SRAM, and high-drive capability output latching onto a single monolithic circuit for 
reduced parts count implementation of cache data RAM, writeabie control store applica- 
tions, and other applications that utilize long words. 

Synchronous design allows precise cycle control with the use of an external clock (K), 
while CMOS circuitry reduces the overall power consumption of the integrated functions 

for greater reliability. 

The address (A0-A11), data (D0-D9), and write (W) inputs are all clock co i-. « 

(K) controlled, positive-edge-triggered, noninverting registers. 

The MCM62965 provides transparent output operation when clock (K) is 
low for access of RAM data within the same cycle (output data is latched 
when clock (K) is high). 

The output enable (G) provides asynchronous bus control for common 
I/O or bank switch applications. 

Write operations are internally self-timed and initiated by the rising edge 
of the clock (K) input. This feature eliminates complex off-chip write pulse 
generation and provides increased flexibility for incoming signals. 

• Single 5 V ± 10% Power Supply 

• Fast Cycle Times: 25/30/35 ns Max 

• Fast Clock (K) Access Timies: 10/13/15 ns Max 

• Address, Data Input, and W Registers On-Chip 

• Transparent Output Latch for Access Within the Same Cycle 

• Output Enable for Asynchronous Bus Control 

• High Output Drive Capability 

• Internally Self-Timed Write Pulse Generation 

• Separate Data Input and Data Output Pins 

BLOCK DIAGRAM 




FN PACKAGE 
44-LEAD PLCC 
CASE 777 


PIN ASSIGNMENT 



AO^AII 


00-D9 



This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCM62965 


TRUTH TABLE 


w 

Operation 

QO-Qd 

Current 

L 

Write 

HIghZ 

•CCA 

H 

Read 

•^out 

•CCA 


NOTE: The value W is a valid input for the setup and hold times relative to the K rising 
edge. 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = VssQ=0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to -1-7.0 

V 

Voltage Relative to Vss/VssQ fo*" Any 

Pin Except Vcc 

Vin/ Vout 

-0.5 to Vcc +0.5 

V 

Output Current (per I/O) 

'out 

±20 

mA 

Power Dissipation (Ta=25°C) 

Pd 

1.5 

W 

Temperature Under Bias 

^bias 

-10 to +85 

°C 

Operating Temperature 

ta 

Oto +70 


Storage Temperature 

^stg 

-55 to +125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 

This is a synchronous device. All synchron- 
ous Inputs must meet the specified setup 
and hold times with stable logic levels for 
ALL rising edges of clock (K) while the de- 
vice is selected. 

This device contains circuitry that will en- 
sure the output devices are in High Z at 
power up. Care should be taken by the user 
to ensure that all clocks are at V||l o'* ^IH 
during power up to prevent spurious read 
cycles from occurring. 

This CMOS memory circuit has been de- 
signed to meet the dc and ac specifications 
shown In the tables, after thermal equilib- 
rium has been established. The circuit is in 
a test socket or mounted on a printed circuit 
board and transverse air flow of at least 500 
linear feet per minute is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss='VssQ=0 V) 


Parameter 

Symbol 

Min 

Typ 

Max 


Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

- 

Vcc + 0.3 

V 

Input Low Voltage 

V|L 

-0.5* 

- 

0.8 

V 


*V|L (min)= -3.0 V ac (pulse width <20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vjn = 0 to Vcc) 

'lkg(l) 

- 

±1.0 

mA 

Output Leakage Current (S=V|h, Vout=0 to Vcc» Outputs must be high-Z) 

>lkQ(0) 

- 

±1.0 

mA 

AC Supply Current (G = V|l, All Inputs = V|l or V|h, lout = 0 mA, Cycle 

'CCA 



mA 

Time^tKHKH niin) MCM62965-25: tKHKH=25ns 


_ 

170 


MCM62965-30: tKHKH = 30ns 


_ 

170 


MCM62965-35: tKHKH = 35ns 


- 

150 


Output Low Voltage (loL = 12.7 mA) 

VOL 

- 

0.4 

V 

Output High Voltage (Iqh = - 1-8 mA) 

VOH 

2.8 

- 

V 


CAPACITANCE (f=1.0 MHz, dV = 3.0 V, Ta= 250C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Input Capacitance 

Cin 

4 

6 

PF 

Output Capacitance 

Cout 

5 

7 

PF 
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MCM62965 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, Ta = 0 to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1A Unless Otherwise Noted 

Input Rise/ Fall Time 5 ns 


READ/WRITE CYCLE 


Parameter 

Symbol 

MCM62965-2S 

MCM62966-30 

MCMe2966-36 

Unit 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

tKHKH 

25 

- 

30 

- 

35 

- 


■Q 

Write Cycle Time 

tKHKH 

25 

_ 

30 

- 


- 



Clock High Access Time 

tKHQV 

- 

25 

- 

30 

- 

35 


Bilgi 

Clock Low to Output Valid 

tKLQV 

- 

10 

- 

13 

- 

15 


BBH 

(j Low to Output Valid 

tGLQV 

- 


- 

13 

- 

15 

IS9III 

3 

Output Active from Clock Low 

tKLQX 

0 

- 

0 

- 

0 

- 



Output Active from (3 Low 

tGLQX 

11111111111110m 

- 

0 

- 

0 

- 



Clock Low Pulse Width 

«KLKH 

5 

- 

5 

_ 

5 

- 



Clock High Pulse Width 

tKHKL 

5 

- 

5 

- 

5 

- 



Setup Times for: A 

D 

W 

tAVKH 

tOVKH 

tWHKH 

5 

■ 


■ 

■ 

■ 



Hold Times for: A 

D 

W 


3 

■ 


■ 


■ 



Clock Low to Output High Z (W=: V||_) 


0 

10 

0 

13 

0 

15 

H9I 


G High to Output High Z 

tGHOZ 

0 

10 

0 

13 

0 

15 

msi 

BEE 


NOTES: _ 

1 . A read is defined by W high for the specified setup and hold times. 

2. A write is defined by W low for the specified setup and hold times. 

3. All read and write cycle timing is referenced from K or from 

4. Access time is controlled by t^LOV clock high pulse width ^(tKHQV“*KLQV)J otherwise it is controlled by tKHQV- 

5. K must be low for the outputs to transition. 

6. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 

7. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. This parameter is sampled and not 100% tested. At any 

given voltage and temperature, t^noz I®®® than tKHQX ®tid tgnOZ I®®® than tg^QX tiin for a given device. 

8. G becomes a don't care signal for successive writes after the first write cycle. 


AC TEST LOADS 




Figure 1A 


Figure IB 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Product Preview 

4K X 1 2 Bit Synchronous Static RAM 

with Output Registers 

The MCM62973 is a 48,152 bit synchronous static random access memory organized as 
4096 words of 12 bits, fabricated using Motorola's second-generation high-performance 
silicon-gate CMOS (HCMOS III) technology. The device integrates input registers, high 
speed SRAM, and high-drive capability output registers onto a single monolithic circuit for 
reduced parts count implementation of cache data RAM, writeable control store applica- 
tions, and other applications that utilize long words. 

Synchronous design allows precise cycle control with the use of an external clock (K), 
while CMOS circuitry reduces the overall power consumption of the integrated functions 

for greater reliability. _ 

The address (A0-A11), data (D0-D11), write (W), and chip enable (E) 
inputs are ail clock (K) controlled, positive-edge-triggered, noninverting ^ ^ 

registers. 

The chip enable ( 1 ) input is a synchronous input clock that places the 
device in a low power mode when high at the rising edge of the clock (K). 

The MCM62973 provides output register operation. At the rising edge of 
clock (K), the RAM data from the previous clock (K) high cycle is 
presented. 

Write operations are internally self-timed and initiated by the rising edge 
of the clock (K) input. This feature eliminates complex off-chip write pulse 
generation and provides increased flexibility for incoming signals. 

• Single 5 V ±10% Power Supply 

• Fast Cycle Times: 20/25/30 ns Max 

• Fast Clock (K) Access_TimesM0/10/13 ns Max 

• Address, Data Input, E, and W Registers On-Chip 

• Output Registers for Fully Pipelined Applications 

• High Output Drive Capability 

• internally Self-Timed Write Pulse Generation 

• Separate Data Input and Data Output Pins 


MCM62973 




FN PACKAGE 
44-LEAD PLCC 
CASE 777 


PIN ASSIGNMENT 


ej 'i' w CM 


BLOCK DIAGRAM 




-QO 


PIN NAMES 1 

A0-A11. 

Address Inputs 

W 

Write Enable 

1 

Chip Enable 

D0-D11 

Data Inputs 

Q0-Q11 

Data Outputs 

K . . . . 

. Clock Input 

vcc • • 

. . . . + 5 V Power Supply 

Vss • • 


VsSQ • 

. . . Output Buffer Ground 


For proper operation of the device Vgs 
and both VsSQ *^® 

connected to ground. 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCM62973 


TRUTH TABLE 


I 

W 

Operation 

Q0-Q11 

Current 

L 

L 

Write 

High Z 

•cc 

L 

H 

Read 

Dout 

'cc 

H 

X 

Not Selected 

High Z 

ISB 


NOTE: The values of E and W are valid inputs for the setup and hold times relative to 
the K rising edge. 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = VSSQ=0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Voltage Relative to Vss/VssQ for Any 

Pin Except Vcc 

Vjn» Vout 

-0.5 to Vcc + 0*5 

V 

Output Current (per I/O) 

lout 

±20 

mA 

Power Dissipation (Ta=25°C) 

pd 

1.5 

W 

Temperature Under Bias 

Tbias 

-10 to +85 

°C 

Operating Temperature 

Ta 

0 to +70 

°C 

Storage Temperature 

^stg 

-55 to +125 

OQ 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 

This is a synchronous device. All synchron- 
ous inputs must meet the specified setup 
and hold times with stable logic levels for 
ALL rising edges of the clock (K) while the 
device is selected. 

This device contains circuitry that will en- 
sure the output devices are in High Z at 
power up. Care should be taken by the user 
to ensure that all clocks are at V||_ or V|h 
during power up to prevent spurious read 
cycles from occurring. 

This CMOS memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the tables, after thermal equilib- 
rium has been established. The circuit is in 
a test socket or mounted on a printed circuit 
board and transverse air flow of at least 500 
linear feet per minute is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = VssQ=0 V) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

- 

Vcc + 0.3 

V 

Input Low Voltage 

V|L 

-0.5* 

- 

0.8 

V 


*V||_ (min)= -3.0 V ac (pulse width <20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vjn = 0 to Vcc) 

■ika(l) 

- 

±1.0 

HA 

Output Leakage Current (E=V|h, Vout = 0 to VcC/ Outputs must be in High Z) 

IlkalO) 

- 

±1.0 

/lA 

AC Supply Current (E = V|l, All Inputs = V|l or V|h, lout=0 mA, Cycle 

Time^tKHKH rnin) MCM62973-20: tKHK|-| = 20ns 





MCM62973-25: tKHKH = 25ns 


— 



MCM62973-30: tKHKH=30ns 

mm 

- 



Standby Current (E = V|h, V|h^3.0 V, V|l< 0.4 V, lout = 0 mA, Cycle 

Times =tKHKH mii^) 


- 

30 

mA 

Output Low Voltage (Iol=12.7 mA) 

VOL 

- 

0.4 

V 

Output High Voltage (Iqh = - 1 .8 mA) 

VOH 

2.8 

- 

V 


CAPACITANCE (f=1.0 MHz, dV = 3.0 V, Ta= 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Input Capacitance 

Cin 

4 

6 

PF 

Output Capacitance 

Gout 

5 

7 

PF 
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MCM62973 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, Ta = 0 to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1A Unless Othenvise Noted 

Input Rise/ Fall Time 5 ns 


READ CYCLE (See Note 1) 


Parameter 

Symbol 

MCM62973-20 

MCMe2973-2S 

MCM62973-30 

Unit 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

tKHKH 

20 

- 

25 

- 

30 

- 

ns 

2 

Clock Access Time 

tKHQV 

- 

10 

- 

10 

- 

13 

ns 

3 

Output Active from Clock High 

tKHOX 

3 

- 

3 

- 

3 

- 

ns 

4 

Clock High to Q High Z (E = V|h) 

tKHQZ 

- 

10 

- 

10 

- 

13 


■■ 

Clock Low Pulse Width 

tKLKH 

5 

- 

5 

- 

5 

- 

ns 


Clock High Pulse Width 

tKHKL 

5 





191 

ns 


Setup Times for: E 

A 

W 

tEVKH 

tAVKH 

tWHKH 

5 

■ 

■ 

■ 


■ 

H 

■ 

Hold Times for: 1 

A 

W 



■ 

■ 

■ 


■ 

H 

■ 


NOTES: _ 

1 . A read is defined by W high and E low for the setup and hold times. 

2. All read cycle timing is referenced from K. 

3. Valid data from K high will be the data stored at the address of the last valid read cycle. 

4. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. This parameter is sampled not 100% tested. At any 

given voltage and temperature, t^HOZ nnax is less than tKHOX ^ given device. 

5. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 


AC TEST LOADS 




Figure 1A Figure IB 
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MCM62973 


READ CYCLE 1 (See Note 1) 


E (CHIP ENABLE) 


BHnSSNBBlIHI^KBSSn!! 


»« 


-tKHWX twHKH- 




W (WRITE ENABLE) 



Q (DATA OUT) Qn_3 


READ CYCLE 2 (See Note 1) 


4-tKHEX 


E (CHIP ENABLE) 






W (WRITE ENABLE) 


Q (DATA OUT) 0n_3 


1. The outputs Qn _3 and Qn-2 ^re derived from two previous read cycles where W = V|h and E = V|l for those cycles. 
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MCM62973 


WRITE CYCLE (W Controlled, See Note 1) 


Parameter 

Symbol 

MCM62973-20 

MCM62973-25 

MCM62973-30 

Unit 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

tKHKH 

20 

- 

25 

- 

30 

- 


2 

Clock High to Output High Z (W=V|l) 

tKHOZ 

- 

10 

- 

10 

- 

13 


3 

Setup Times for: E 

A 

W 

D 

tEVKH 

tAVKH 

tWLKH 

tPVKH 

5 

■ 

■ 

■ 

5 


1 

■ 

Hold Times for: 1 

A 

W 

D 

tKHEX 

tKHAX 

tKHWX 

tKHDX 


■ 

■ 

■ 

3 



■ 


NOTES: _ 

1 . A write is performed when W and E are both low for the specified setup and hold times. 

2. All write cycle timing is referenced from K. 

3. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. This parameter is sampled not 100% tested. At any 
given voltage and temperature, tKHOZ is less than tKHOX for a O'^en device. 

4. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 


WRITE CYCLE 


K (CLOCK) 


E (CHIP ENABLE) 


A (ADDRESS) . 


W (WRITE ENABLE) 


D (DATA IN) ; 


' } 

tKHKH 

r 





r 


/ 

-tEVKH 

tEVKH H 


-- 



m 


1 


!■ 

iIBBBiaBHi 

■ 

■ 

22 


02 

2 


22 







wmmm 

^H^SIRii 










■■i 

“tWLKH 

8S 

■ 

i 

MHaaBBS 

■ 

■1 

^mSSI 

9 



22! 

2 






-tDVKH 

W 

iiwimi 



WMMM 


1— 

•4— tKHQV U 

tKHOZ 

\ 2 

1 lln-2 ' 

/ 



MCM 62973 X 

Motorola Memory Prefix TTI 


XX 


I 


Speed (20 = 20 ns, 25 = 25 ns, 30 = 30 ns) 


Part Number 


Package (FN = PLCC) 


Full Part Numbers- MCM62973FN20 MCM62973FN25 MCM62973FN30 
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SEMICONDUCTOR 

TECHNICAL DATA 


MCM62974 


Product Preview 

4K X 1 2 Bit Synchronous Static RAM 

with Output Registers and Output Enable 

The MCM62974 is a 49,152 bit synchronous static random access memory organized as 
4096 words of 12 bits, fabricated using Motorola's second-generation high-performance 
silicon-gate CMOS (HCMOS III) technology. The device integrates input registers, high 
speed SRAM, and high-drive capability output registers onto a single monolithic circuit for 
reduced parts count implementation of cache data RAM, writeabie control store applica- 
tions, and other applications that utilize long words. 

Synchronous design allovv^ precise cycle control with the use of an external clock (K), 
while CMOS circuitry reduces the overall power consumption of the integrated functions 
for greater reliability. 

The address (A0-A11), data (D0-D11), and write (W) inputs are all clock « o» S 

(K) controlled, positive-edge-triggered, noninverting registers. 

The MCM62974 provides output register operation. At the rising edge of 
clock (K), the RAM data from the previous clock (K) high cycle is 
presented. 

The output enable (G) provides asynchronous bus control for common 
I/O or bank switch applications. 

Write operations are internally self-timed and initiated by the rising edge 
of the clock (K) input. This feature eliminates complex off-chip write pulse 
generation and provides increased flexibility for incoming signals. 

• Single 5 V ± 10% Power Supply 

• Fast Cycle Times: 20/25/30 ns Max 

• Fast Clock (K) Access Tim_^: 10/10/13 ns Max 

• Address, Data Input, and W Registers On-Chip 

• Output Enable for Asynchronous Bus Control 

• Output Registers for Fully Pipelined Applications 

• High Output Drive Capability 

• Internally Self-Timed Write Pulse Generation 

• Separate Data Input and Data Output Pins 




FN PACKAGE 
44-LEAD PLCC 
CASE 777 


PIN ASSIGNMENT 


CJ ^ CO CN 



BLOCK DIAGRAM 


D0-D11 



PIN NAMES 


A0-A1 1 Address Inputs 

W Write Enable 

G Output Enable 

D0-D11 Data Inputs 

Q0-Q11 Data Outputs 

K Clock Input 

Vcc + 5 V Power Supply 

Vss Ground 

VssQ Output Buffer Ground 


For proper operation of the device Vss 
and both VssQ l^^ds must be con- 
nected to ground. 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCM62974 


TRUTH TABLE 


w 

Operation 

Q0-Q9 

Current 

L 

Write 

HighZ 

•cCA 

H 

Read 

□out 

•CCA 


NOTE: Thp value W is a valid input for the setup and hold times relative to the K rising 


edge. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = VsSQ“0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

vcc 

-0.5 to +7.0 

V 

Voltage Relative to Vss/VsSQ fo*" Any 

Pin Except Vqc 

Vin/ Vout 

-0.5 to Vcc + 0.5 

V 

Output Current (per I/O) 

lout 

±20 

mA 

Power Dissipation (Ta=25°C) 

pd 

1.5 

W 

Temperature Under Bias 

Tbias 

— 10 to +85 


Operating Temperature 

Ta 

Oto +70 

°C 

Storage Temperature 

I§!fl 

-55 to +125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This is a synchronous device. All synchron- 
ous inputs must meet the specified setup 
and hold times with stable logic levels for 
ALL rising edges of clock (K) while the de- 
vice is selected. 

This device contains circuitry that will en- 
sure the output devices are in High Z at 
power up. Care should be taken by the user 
to ensure that all clocks are at V||_ or V|h 
during power up to prevent spurious read 
cycles from occurring. 

This CMOS memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the tables, after thermal equilib- 
rium has been established. The circuit is in 
a test socket or mounted on a printed circuit 
board and transverse air flow of at least 500 
linear feet per minute is maintained. 


DC OPERATtNG CONDITIONS AND CHARACTERISTICS 

(Vcc=5.0 V ±10%, Ta= 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss=VsSQ=0 V) 


Parameter 

Symbol 


Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

- 

Vcc + 0.3 

V 

Input Low Voltage 

V|L 

-0.5* 

- 

0.8 

V 


*V|L (min)== -3.0 V ac (pulse width :S20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vjn = 0 to Vcc) 


- 

±1.0 

^LA 

Output Leakage Current ((5 =V|h, Vout=0 to Vcc» Outputs must be high-Z) 

'lka(O) 

- 

±1.0 

liA 

AC Supply Current (S=V|l, All lnputs=V|L or V|h. lout=0 mA, Cycle 

TimeSrtKHKH •T^iti) MCM62974-20: tKHKH===30 ns 

•cCA 


170 

mA 

MCM62974-25: tKHKH=25ns 


— 

170 


MCM62974-30: tKHKH=30ns 


- 

150 


Output Low Voltage (Iql = 12.7 mA) 

VOL 

- 

0.4 

V 

Output High Voltage (Iqh* “1-8 ^^A) 

VOH 

2.8 

- 

V 


CAPACITANCE (f=1.0 MHz, dV=3.0 V, Ta= 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Input Capacitance 

C|n 

4 

6 

PF 

Output Capacitance 

Cout 

5 

7 

PF 
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MCM62974 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, Ta = 0 to +70°C, Unless OthenA/ise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 5 ns 


READ/WRITE CYCLE 


Parameter 



MCM62974-25 

MCMe2974-30 

Unit 

Notes 



Min 

Max 

Min 

Max 

Read Cycle Time 


20 

- 

25 

- 

30 

- 

BSSI 

ID 

Write Cycle Time 


20 

- 

25 

- 

30 

- 



Clock High Access Time 

K!9!fSn 

- 

10 

- 

10 

- 

13 

B9I 

EH 

€ Low to Output Valid 


- 

10 

- 

10 

- 

13 


3 

Output Active from Clock High 

tKHQX 

0 

- 

0 

- 

0 

- 



Output Active from Ts Low 

tGLQX 

0 

- 

0 

- 


- 



Clock Low Pulse Width 

tKLKH 

5 

- 

5 

- 

5 

- 

HQI 


Clock High Pulse Width 

tKHKL 

5 

- 

5 

- 

5 

- 

BSli 


Setup Times for: A 

D 

W 

^AVKH 

tOVKH 

fWVKH 

5 


■ 

■ 

■ 

■ 

ns 

1,2, 5 

Hold Times for: A 

D 

W 

tKHAX 

tKHDX 

tKHWX 


■ 

3 


3 

■ 

ns 

1, 2, 5 

Clock High to Output High Z (W=V|l) 

tKHQZ 

0 

10 

0 

10 

0 

13 

ns 

3, 6 

^ High to Output High Z 

'GHQZ 

0 

10 

0 

10 

0 

13 

ns 

3, 6, 7 


NOTES: _ 

1 . A read is defined by W high for the specified setup and hold times. 

2. A write is defined by W low for the specified setup and hold times. 

3. All read and write cycle timing is referenced from K or from iS. 

4. Valid data from K high will be the data stored at the address of the last valid read cycle. 

5. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 

6. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. This parameter is sampled and not 100% tested. At any 

given voltage and temperature, tj^nOZ fKHQX fQHQZ ^GLQX ^ given device. 

7. G becomes a don't care signal for successive writes after the first write cycle. 


AC TEST LOADS 




Figure 1A 


Figure IB 
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MCM62974 


READ CYCLE 


K (CLOCK! 

G (OUTPUT ENABLE) 

tAVKH 

A (AODRESSI 

tWVKH 

W (WRITE ENABLE) 



-tKHWX twVKH^ 


-‘KHWX twVKH 


zr^^sszzzr 


z 




imBHi 

HR 

■■II 

IWU 

MHHI 


)(EMXX)EDSSffi 


-tKHWX 




tGHQZ 

1 tGLOX-^ 

■ 

1 

-tGLQV— ► 

tKHQV -► 


0 (DATA OUT) Qn-3 ) 


1 — HIGHZ 1 


( / 



WRITE CYCLE 


(SEPARATE I/O MODE) 


(COMMON I/O MODE) 




Motorola Memory Prefix 


ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 62974 X XX 

X T I I 


Speed (20=20 ns, 25 = 25 ns, 30 = 30 ns) 


Part Number 


Full Part Numbers- MCM62974FN20 MCM62974FN25 


MOTOROLA MEMORY DATA 


Package (FN = PLCC) 
MCM62974FN30 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Product Preview 

4K X 1 2 Bit Synchronous Static RAM 

with Transparent Outputs and Output Enable 

The MCM62975 is a 49,152 bit synchronous static random access memory organized as 
4096 words of 12 bits, fabricated using Motorola's second-generation high-performance 
silicon-gate CMOS (HCMOS III) technology. The device integrates input registers, high 
speed SRAM, and high-drive capability output latching onto a single monolithic circuit for 
reduced parts count implementation of cache data RAM, writeable control store applica- 
tions, and other applications that utilize long words. 

Synchronous design allows precise cycle control with the use of an external clock (K), 
while CMOS circuitry reduces the overall power consumption of the integrated functions 

for greater reliability. 

The address (A0-A11), data (D0-D11), and write (W) inputs are ail clock 
(K) controlled, positive-edge-triggered, noninverting registers. 

The MCM62975 provides transparent output operation when clock (K) is 
low for access of RAM data within the same cycle (output data is latched 
when clock (K) is high). 

The output enable (G) provides asynchronous bus control for common 
I/O or bank switch applications. 

Write operations are internally self-timed and initiated by the rising edge 
of the clock (K) input. This feature eliminates complex off-chip write pulse 
generation and provides increased flexibility for incoming signals. 

• Single 5 V ± 10% Power Supply 

• Fast Cycle Times: 25/30/35 ns Max 

• Fast Clock (K) Access Tinr^: 10/13/15 ns Max 

• Address, Data Input, and W Registers On-Chip 

• Transparent Output Latch for Access Within the Same Cycle 

• Output Enable for Asynchronous Bus Control 

• High Output Drive Capability 

• Internally Self-Timed Write Pulse Generation 

• Separate Data Input and Data Output Pins 


BLOCK DIAGRAM 


MCM62975 




FN PACKAGE 
44-LEAD PLCC 
CASE 777 


PIN ASSIGNMENT 
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This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCM62975 


TRUTH TABLE 


w 

Operation 

Q0-Q11 

Current 

L 

Write 

HighZ 

'CCA 

H 

Read 

Dout 

'CCA 


NOTE: The value W is a valid input for the setup and hold times relative to the K rising 


edge. 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss=VSSQ=0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to -h7.0 

V 

Voltage Relative to Vss/VssQ fo*" Any 

Pin Except Vcc 

Vin» Vout 

-0.5 to Vqc + 0.5 

V 

Output Current (per I/O) 

'out 

±20 

mA 

Power Dissipation (Ta=25°C) 

Pd 

1.5 

W 

Temperature Under Bias 

^bias 

-10 to +85 

°C 

Operating Temperature 

Ta 

Oto +70 

°C 

Storage Temperature 

I§!fl 

-55 to +125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 

This is a synchronous device. All synchron- 
ous inputs must meet the specified setup 
and hold times with stable logic levels for 
ALL rising edges of clock (K) while the de- 
vice is selected. 

This device contains circuitry that will en- 
sure the output devices are in High Z at 
power up. Care should be taken by the user 
to ensure that all clocks are at V|i_ or V|h 
during power up to prevent spurious read 
cycles from occurring. 

This CMOS memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the tables, after thermal equilib- 
rium has been established. The circuit is in 
a test socket or mounted on a printed circuit 
board and transverse air flow of at least 500 
linear feet per minute is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta= 0 to 70°C, Unless Othen^rise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss-VSSQ=0 V) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

- 

Vcc + 0.3 

V 

Input Low Voltage 

V|L 

-0.5* 

- 

0.8 

V 


*V|L (min)= -3.0 V ac (pulse width ^20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 


Input Leakage Current (All Inputs, Vjn=0 to Vcc) 

'lka(l) 

- 

±1.0 


Output Leakage Current (G=V|H/ Vout'^O to VcC/ Outputs must be high-Z) 

'lka(O) 

- 


fA 

AC Supply Current (?3 =V|l, All Inputs =V|i, or V|h, lout=0 mA, Cycle 

Time^tKHKH min) MCM62975-25: tKHKH=25 ''S 

'CCA 

_ 

170 

mA 

MCM62975-30: tKHKH = 30ns 


— 

170 


MCM62975-35: tKHKH = 35ns 


- 

150 


Output Low Voltage (loL = 12.7 mA) 

VOL 

- 

0.4 

V 

Output High Voltage (Iqh = - 1 8 mA) 

VOH 

2.8 

- 

V 


CAPACITANCE (f=1.0 MHz, dV=3.0 V, Ta= 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Input Capacitance 

Cin 

4 

6 

PF 

Output Capacitance 

Cout 

5 

7 

PF 
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MCIVI62975 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, Ta = 0 to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1A Unless Otherwise Noted 

Input Rise/Fall Time 5 ns 


READ/WRITE CYCLE 


Parameter 

Symbol 

MCM62975-2S 











Read Cycle Time 


25 

- 

30 

- 

35 

- 


s 

Write Cycle Time 

tKHKH 

25 

- 

30 

- 

35 

- 

ns 

2, 3 

Clock High Access Time 

tKHOV 

- 

25 

- 

30 

- 

35 

IQIII 


Clock Low to Output Valid 

tKLQV 

- 

10 

- 

13 

- 

15 

moiii 


G Low to Output Valid 

tGLQV 

- 

10 

- 

13 

' - 

15 

ns 

3 

Output Active from Clock Low 

tKLQX 

0 

- 

0 

- 

0 

- 

ns 


Output Active from G Low 

tGLQX 


- 

0 

- 


- 

IQH 


Clock Low Pulse Width 

tKLKH 

5 

- 

5 

- 

5 

- 

HI9I 


Clock High Pulse Width 

tKHKL 

5 

- 

5 

- 

5 

- 

ns 


Setup Times for: A 

D 

W 

tAVKH 

tDVKH 

tWHKH 

5 


5 


5 


ns 

1,2, 6 

Hold Times for: A 

D 

W 

tKHAX 

tKHDX 

tKHWX 

3 


3 


3 


ns 

1,2, 6 

Clock Low to Output High Z (W = V|l) 

tKLQZ 

0 

10 

0 

13 

0 

15 

ns 

5, 7 

G High to Output High Z 

tGHQZ 

0 

10 

0 

13 

0 

15 

ns 

3, 7, 8 


NOTES: 


1 . A read is defined by W high for the specified setup and hold times. 

2. A write is defined by W low for the specified setup and hold times. 

3. All read and write cycle timing is referenced from K or from G. 

4. Access time is controlled by tKLQv if the clock high pulse width 2:(tKHQV“*KLQV^'' othen/vise It is controlled by tKHOV- 

5. K must be low for the outputs to transition. 

6. This is a synchronous device. Ail synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 

7. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. This parameter is sampled and not 100% tested. At any 
given voltage and temperature, tKHQZ *s less than t^HQx min and tQHOZ "^lax is less than tQLOX ^or a given device. 

8. G becomes a don't care signal for successive writes after the first write cycle. 


AC TEST LOADS 




Figure 1A 


Figure 1B 


MOTOROLA MEMORY DATA 


5-121 






























MOS EEPROM 



MCM2814 256 x 8 6-3 


MOTOROLA MEMORY DATA 
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CMOS EEPROMt 

( + 5V, 0to70°C) 


Organization 


Access Time 
(/ts) 

Pins 

256 x8 

1 MCM2814P 1 

3.5 

8 


tAvailable in Europe only. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Advance Infonnation 


MCM2814 


256x8 BIT SERIAL EEPROM 

The MCM2814 is a 2048-bit serial electrically erasable PROM. 
Designed for handling data in applications requiring both non-volatile 
memory and in-system information updates. 

The MCM2814 is fabricated in an 8-pin OIL package using floating- 
gate HCMOS EEPROM technology. 

Features: 

• 8-pin DIP, in HCMOS for low consumption. 

• 2048 bits organised as 256 bytes. 

• Byte programmable. 

• 3 - 6 V supply during read operations. 

• On-chip Programming Voltage Generator. 

• Two programming modes: two-wire serial access, M-bus/four-wire 
serial access SPI. 

• Data protection of V4, Vi, or % array with EEPROM bits. 

• Simultaneous programming of 1 to 4 bytes. 

• Automatic byte address increment in Read mode. 

• Chip selection with separate pin. 

• Single 4.5 V to 6 V supply during programming. 

• Digital filtering on Clock and Data inputs. 

• Bit program operation: no byte erase necessary. 

• Data protection after Reset. 

• Write/Erase endurance: 10000 cycles. 

• Data retention: 10 years. 


HCMOS 

(FLOATING^TE TECHNOLOGV) 
256 X 8 BIT 

ELECTRICALLY ERASABLE 
PROGRAMMABLE READ 
ONLY MEMORY 


P SUFRX 

PLASTIC PACKAGE 
CASE 626-04 


PIN ASSIGNMENT 


FETMOS 

(Floating-Gate Electron Tunnelling MOS) 


MCM2814 


EXTERNAL/ 

TEST 


Poly Oxide Thin Oxide 

\ / 



Vdd: 

VSS: 

External/ 

Test 


RN DESCRIPTION 

Power Supply 
Ground (Ref) 



Connected to on-chip 
Voltage Multiplier output 


0 M-bus 

Chip Select (Hardwired) 
Chip Select (Hardwired) 
Serial Date I/O 
Serial Clock Input 


1SPI 

Slave Select Input 
Serial Data Output 
Serial Data Input 
Serial Clock Input 
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MCM2814 


SECTION 1. PIN DESCRIPTION 


CSO/SPISS* 

CSI/SPISO* 

MODE 

*M-bus/SPI 


II 

E 

E 

E 




MCM2814 


H VdD 

T] EXTERNAL/TEST 
6] SCL/SPICK* 

1] SDA/SPISI* 


Figure 1 Pinout 


1.1 Vss/Vdd (Pins 

Vdd snd Vss used to power the circuit. In read mode 
this supply voltage must be comprised in the VqdR range. 
(See 5.2 Electrical Characteristics). In program mode this 
supply range is limited to VoQp. 

1 .2 External/T est (Pin 7) 

This pin is used for testing the on-chip voltage multiplier 
that generates the programming voltage required for a 
program operation, and should be left open for 5 Volt only 
operation. 

An external capacitor (Low leakage) on this pin might have 
a positive Impact on the programming endurance, as the 
Vpp rise time will be increased. 

Recommendations will be issued after the 
characterisation. As this on-chip generator has a high 
impedance, an external supply can be connected to this 
pin. This also allows to block any Inadvertant 
programming by maintaining this pin at Vdd- 

1.3 Mode (Pin 3) 

This pin is used to select one of two modes of operation; 
M-bus mode at the low logic level or SPI mode at high 
level. 

This pin is usually hardwired to Vss or Vpp. It should only 
be changed If the circuit is internally In a standby state. 
This pin is high impedance when Vpp is at Vss level- 

1.4 CSI/SPISO (Pin 2) 

In M-bus mode, this pin is used for selecting multiple 
identical chips on the same serial bus. The chip address is 
formed by 5 bits predefined for this chip, followed by 2 
additional chip select bits. These last two bits must 


correspond to the CS1 / CSQ code for proper chip 
selection. Up to four MCM 2814 can be connected on the 
same SCL and SDA lines. (See Figure 4). 

In SPI mode this pin is a push-pull slave data output 
(SPISO). It will shift-out byte addresses and data as 
described in Section 4. 

This pin is usually connected to the data input pin of a SPI 
master (MISO). 

This pin can not be pulled higher than 0.5 V above Vdd» 
even if Vqd is at Vss level. 

1.5 CSO/SPISS (Pin 1) 

In M-bus mode this pin is used in conjunction with CS1 for 
chip selection. (See above). 

In SPI mode this pin is a Slave Select Input. In this mode 
the serial access is deselected when the SPISS input is 
high, and the SPISO data output pin is forced high 
Impedance. Multiple chips using the same SPICK, SPISI 
and SPISO lines, can be selected via this pin as described 
In Figure 10. 

After powering up the device, a falling edge of the SPISS 
line is required to start the SPI serial access. 

This pin Is high Impedance when Vdq is at Vss level. 

1.6 SCL /SPICK (Pin 6) 

The serial clock is supplied on pin SCL / SPICK. This pin is 
an input only, therefore the chip can only operate as a 
slave under the control of a serial bus master. 

The clock input rising edge is used to shift in data present 
on the SDA/SPISI pin, and the failing edge is used to shift 
out data on the SDA or SPISO pin. 

This pin is high impedance when Vqd is at Vss level. 

1.7 SDA/SPISI (Pin 5) 

In M-bus mode, SDA pin is used to transmit data serially In 
the memory (Receiver) or from the memory (T ransmitter). 
Data transmitted via this pin includes chip addresses, byte 
addresses, byte data, Read/Write and acknowledge bits. 
When SDA is In output. It operates as a pull-down only 
device (Open-drain). The protocol of this transmission is 
described in Figures 5 and 6. 

In SPI mode, this pin Is a Slave data Input (SPISI) only and 
is used to receive opcodes, byte addresses and byte data. 
It is usually connected to the data output pin of a SPI 
master. (MOSI). 

This pin Is high impedance when Vqd is at Vss level. 
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MCM2814 


SECTION 2. EEPROM 


Source 




N + 

Source 



CG 

D 

S 

READ 

OV 

VDD 

OV 

PROG 1 

OV 

VPP 

OPEN 

PROGO 

VPP 

OV 

OV 



Figure 2 EEPROM Transistor 


256 Bytes of EEPROM memory are implemented in a 
floating gate double poly-silicon process. A Byte Address 
register is used to select one of the bytes. Three basic state 
of operation can be distinguished : 

• Standby state. 

• Read state 

• Program state 


2.1 EEPROM Operation 

2.1.1 Standby State 

In this state, neither a programming, nor a serial 
transmission occurs, and the power consumption is 
minimum. (See 3.4.1 and 4.5). 

2.1.2 Read State 

In read state the data of the selected byte Is transferred 
from the memory array to the data shift register used for 
the serial transmission. This state is active during a serial 
transmission. 

2.1.3 Program State 

In this state, a programming voltage higher than Vqd ‘s 
necessary. This voltage is generated by the on-chip 
voltage multiplier or can be supplied externally. During 
programming Vqd must be within the VddP range. (See 
5.2). 

In M-bus mode, the programming starts at the end of a 
write command, when a STOP or a new START condition 
occurs. The programming is enabled at this time, as well 


as the on-chip voltage multiplier. If there is a capacitive 
load on the Vpp pin, the Vpp rise time should be added to 
the minimum program time tppoG- 

In SPI mode, programming could start when a write serial 
transmission is ended with an SPISS rising edge. Actual 
programming will only happen If enabled by a Vpp enable 
serial command. This command can be transmitted 
before or after the write sequence. 

2.2 EEPROM Data Protection 

Some circuitry has been included to prevent unwanted 
modification of EEPROM data, and is described below. 
However, a noisy serial link is very often the cause of bad 
data or data written to the wrong address. Besides 
measures to reduce this noise on the board, the serial 
clock and data inputs (SCL/SDA) have Schmitt triggers 
and digital filters to reject some of the noise. 

2.2.1 Power Up Reset 

Immediately after power is applied, programming is 
Inhibited to prevent EEPROM data loss during the system 
power up. 

in both modes this condition is removed when a READ is 
performed. 

In M-bus mode, the read bit with a valid chip address gives 
the control to the MCM281 4. Therefore another 8 bits read 
without master acknowledge is necessary to stop the read 
sequence. 

In SPI mode, it is sufficient to send the READ opcode 
before a new Vpp enable command and the write 
sequence. 
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At Reset the following circuitry is initialised: 

• The circuit is in standby state. 

• In M-bus mode, it is waiting for a start condition. 

• In SPI mode. It Is waiting for a high to low SPISS 
transition. 

• The data outputs are high Impedance (SDA, SPISO). 

• The programming is disabled. 

• The on-chip Vpp generator is off. 

• The byte address register Is cleared ($00). 

2.2.2 Programming Voltage Enable 

In SPI mode only, an Internal programming voltage enable 
flip-flop can be set or cleared with two separate opcodes, 
thus reducing the risk of unwanted EEPROM 
programming. 

2.2.3 Array Write Protect 

In both modes, byte address 255 ($FF) contains EEPROM 
bits with a special function. When one or two bits of this 
address are programmed at once, the programming of 
EEPROM sections is inhibited according to the following 
table: 


Data at 
ADDRSFF 

Protected 

Addresses 

No. of Bytes 
Protected 

xxxx 

ooxx 

No Write Prot. 

- 

xxxx 

01 XX 

$C0-$FB 

60 

xxxx 

10XX 

$80-$FB 

124 

xxxx 

11XX 

$40-$FB 

188 


X = Don't care 


Table 1 EEPROM Write Protect 

This protection Is reversible as address 255 ($FF) can be 
modified at any time. 

2.3 EEPROM Properties 

NO ERASE : Unlike most EEPROM's it is not necessary to 
erase a byte before writing new data to it. 

The program operation takes tppoG arid must be 
externally timed. 

CUMULATIVE : As the programming operation is under 
external control, it can be done at once or at various time 
frames as long as the total programming time exceeds the 
specified minimum tppoG value. 
tpROG is defined with Vpp at its programming level. 

SELF LIMITING : Excess pogramming has no positive 
effect, as programmed EEPROM thresholds will 
asymptotically reach their nominal values. Programming 
durations above the recommended maximum tppoG 
have negative Impacts on the EEPROM programming 
endurance. 


2.4 EEPROM Reliability 

Reliability figures are statistical in nature. Therefore no 
minimum or maximum specifications can be applied. The 
result of reliability tests will be published instead. These 
tests are conducted on a regular basis during the 
production life of a circuit and reports are available upon 
request. 

2.4.1 Data Retention 

Typical data retention should exceed 10 years for the 
specified operating temperature range. Data retention is 
usually tested with the device under bias, but without 
accessing the EEPROM array. 

2.4.2 Read Stress 

Unlike some non-volatile memories, there should be no 
disturbance of the stored data under continuous read of 
EEPROM bytes. The life limit under continuous read 
condition should therefore be similar to the normal 
operating life of the device. 

2.4.3 Program Endurance 

As for all EEPROM's, there is a wearout mechanism 
associated with the programming mechanism of the non 
volatile memory. More than 10,000 programming cycles 
shoulcLbe possible per memory bit, for the specified 
operating temperature range. A programming cycle is 
defined as a 0 to 1 to 0 programming. Unlike most 
EEPROM's where the whole byte l^rased before being 
re-programmed, if just one bit is modified in a byte, only 
this bit will see the programming stress. 

Some endurance experiments have shown that the 
number of programming cycles can be increased if the 
Vpp rise time is increased. This can be achieved with an 
external capacitor on Vpp when the on-chip Vpp generator 
is used. In SPI mode, the Vpp should be enabled after the 
write command has been transmitted. 

If an external Vpp is provided, it should be ramped up only 
after the write command is transmitted. In this case, a Vpp 
above the maximum value has also a neagtive impact on 
the endurance. 

2.5 Vpp Voltage Multiplier 

In M-bus mode, the on-chip Vpp generator is turned on or 
off automatically during a program sequence. 

In SPI mode. It is switched on only after a serial Vpp enable 
command has been issued, independently of write or read 
commands. 
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SECTIONS. M-BUS OPERATING MODE 


The MODE pin can be hardwired to Vdd o'" Vss to select 
two different modes of operation. Differences are at the 
serial transmission level and in the EEPROM operation. 
They are called M-bus mode and SPI mode. 

3.1 M-bus Mode 

Only two wires are needed to control the device operation. 
The serial transmission of this mode is similar to the IIC (*) 
serial communication standard. It features : 


• Up to 4 identical chips on the same 2 wire bus. 

• CS1 / CSO pins for chip selection. 

• SCL clock line, input only. 

• SDA line used as Input and Output. 

• Data acknowledge bit generated. 

• Auto programming after reception of new data. 

• Programming time under external control. 

• Write inhibit after reset. 

*IIC is a trademark of Philips 



Figure 3 M-bus Block Diagram 


3.2 Lexicon 

This lexicon will describe some terms used in this serial 
interface description. 


MASTER : The device that initiates the serial transmission 
is designated as master. In general, it is the device 
generating the clock. This memory can never function as a 
master. 


SLAVE : This memory always operates as a slave. 

TRANSMITTER : The device with its SDA pin in output is a 
data transmitter. In the case of multiple devices In output, 
the device sending a low level will win due to the Open- 
Drain connection. 

RECEIVER : A device that has been properly selected by a 
chip address followed by a write bit is a receiver, and will 
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shift data present on the SDA pin in internal registers. 

MSB : The Most Significant Bit is the first bit transmitted 
and received. 

START CONDITION : The start condition is defined as a 1 
to 0 transition of SDA when SCL is high. The first byte of 
data following a start condition includes the chip address 
followed by the R/W bit. All devices connected on the 
same bus receive this data to check if they are addressed. 

STOP CONDITION : The stop condition is defined as a 0 to 

1 transition of SDA when SCL is high. In this circuit, the 
stop condition is never mandatory. An EEPROM 
programming can be initiated by the STOP or also by any 
following START condition. 

A STOP after a serial read sequence will put the device in 
standby state. 

CHIP ADDRESS : The first byte transmitted after a START 
contains the chip address followed by the Read/Write bit. 
The 7 bit chip address is formed of 5 fixed bits followed by 

2 chip select bits. 

Fixed bits are 101 OX for this device (X is a don't care bit). 


The 2 chip select bits must correspond to the 2 chip select 
inputs for proper chip selection. By this means, up to 4 
identical chips can be connected on the same SDA / SCL 
lines, in order to form a memory bank of up to 8 KBits. 

READ/WRITE BIT : The 8th bit transmitted by the master 
after the 7 bit chip address will indicate the direction of 
transfer for the next bytes. (Until a new start or stop). If 
low, the following bytes are transmitted by the master. If 
high, the following bytes are transmitted by the MCM 
2814. 

BYTE ADDRESS : The first byte of data received by the 
memory after the chip address, will be latched in the byte 
address register and is used to select one of the 256 
EEPROM bytes. 

ACKNOWLEDGE BIT : This bit is sent by the selected 
receiver on the data line after a byte reception. Due to the 
open drain structure, a valid acknowledge bit corresponds 
to a low level. While operating as a transmitter, sending a 
sequence of data bits, this device will check the 
acknowledge bit generated by the master. The absence of 
this bit will stop the transmission of data. 



3.3 Chip Selection 

The 2 chip select bits transmitted In the chip address must match the status of CS1 and CSO inputs. 



3.4 Protocol 

At the protocol level, the transmission of data is defined in 
the form of sequences of Start (STA), Stop (STO) 
conditions, and bytes followed by acknowledge bits. 

3.4.1 Standby State 

When no serial transmission and no programming are 


made, the circuit is in standby. A STOP condition following 
a read sequence or a write byte address sequence (without 
data write), will put the circuit in standby. A new START 
condition will wake up the device, to get the chip address. 
If the chip address is not valid, the device will return in 
standby. 

The power consumption is minimum in standby. 
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Write One Byte 



STOP PROG. 


Write up to 4 Bytes 


STA 


I I I I 

CHIPADDR 



I I I I I 

BYTEADDR 

I I I I 1 


A 

S 


DATA IN 


A 

S 


DATA IN 


A 

S 


(CONT.) 


— I — I — I — r- 

DATA IN 


STO 

STA 


PROGRAM 


STA 


CHIPADDR 

-j I 1 — I I — 


R 

A 

W 

S 


START PROG. 


STOP PROG. 


STA: Start Condition R/W BIT: 1 = Read/0 = Write AS: Slave Acknowledge (2814) 

STO: Stop Condition INC: Increment Byte Address AM: Master Acknowledge 

Figure 5 M-bus Write Protocol 


3.4.2 Write Sequence 

The serial write to the memory includes a serial 
transmission of the byte address and the data to be 
written. When this is completed by a stop or a new start 
condition, the programming sequence Is initiated. 

Programming is under control of the master. It is initiated 
by the write sequence just described, and stopped by any 
new valid selection of the chip. 

Therefore, the tppoG 's defined as the time between 
these two operations, and is defined by the master. 

Bad chip addresses or chip addresses for other chips on 
the same bus do not suspend the programming. 

The on-chip Vpp generator is automatically turned on or 
off when needed. If an external Vpp is applied, the 
programming voltage is only allowed Into the array during 
the above defined tppoG 


it is possible to program simultaneously up to 4 bytes, 
provided the 6 most significant bits of their addresses are 
identical. The byte address is incremented after each new 
data byte shifted in. 

3.4.3 Read Sequence 

Reading data from the memory is made in two steps. First 
the byte address must be loaded in the byte address 
register. Then data can be read out of the memory. The 
first step Is only required to define the byte address. If this 
address was predefined from a previous read this step can 
be skipped. 

The byte address is automatically incremented after each 
data byte transmitted. 

This is also valid after the last byte of a transmission. 
Therefore, the next read sequence without any byte 
address specified, will transmit data of the next byte. A 
read sequence will transmit data bytes of successive 
addresses until the absence of the acknowledge bit from 
the master. In this case the SDA output driver will switch 
off and the circuit will go to standby. 
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Read One Byte. (Inc. Write Byte Address) 


STA 

— 1 — \ — 1 — I — 1 — 1 — 

CHIPADDR 

1 I 1 1 1 1 

0 

A 

S 

— 1 — 1 — 1 — 1 — 1 — I — 1 — 

BYTEADDR 

_J 1 1 L 1 

A 

S 

STA 

— 1 — 1 — 1 — 1 — 1 — r — 1 — 

CHIPADDR 

^ J 1 1 1 L J 

1 

1 1 1 1 1 1 1 

DATA OUT 

1 L J 1 L i 

1 

STO 

STA 









I 

INC 


Read One More Byte. (Byte Address Defined) 





^ 


STA 

1 r 1 1 1 1 

CHIPADDR 

— 1 1 1 1 1 1 

1 

A 

S 

1 1 1 1 I 1 1 

DATA OUT 

1 1 1 1 1 1 1 

1 

STO 

STA 


I \ 


INC OPTIONAL 

Read Many Bytes 








^ 

STA 

1 1 1 1 1 1 

CHIPADDR 

1 1 1 1 1 L 

0 

A 

S 

1 1 1 I 1 1 1 

BYTEADDR 

J 1 1 1 1 1 1 

A 

S 

STA 

1 1 1 1 1 1 

CHIPADDR 

I 1 1 J 1 1 

1 

A 

S 



— 




OPTIONAL 


(CONT.) 


“I — I — I — \ — r 
DATA OUT 


n — I — I — I — I — T" 

DATAOUT 


“I — I — I — I — I — I — r 
DATA OUT 

_J I I I 1 I L_ 


/ 


STO 

STA 


INC 


INC 


INC 


STA: Start Condition R/W BIT: 1 = Read/0 = Write AS: Slave Acknowledge (2814) 

STO: Stop Condition INC: Increment Byte Address AM: Master Acknowledge 


Figure 6 M-bus Read Protocol 


START 


READ 


2814 ACK 


I v^nir di i y , DATA OUT 

: ]cir~\ : 1 1 1 : 1 : : : I : : 



SDA CONTROL: • 


- MASTER MCM 2814 


Figure 7 M-bus Read Detail 
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3.4.4 Signal Levels 


tHSTA tSSDA tHSDA 


tSSTO tBUF 



Figures M-bus Timings 


Electrical and switching characteristics are described in 
Section 5. 

During a transmission, SDA line transitions must occur 
when SCL is low. A negative transition of SDA with SCL 
high Is recognised as a START condition, the positive 
transition as a STOP condition. 


The acknowledge bit is provided by the device receiving 
data. Therefore, during this time the data transmitter must 
leave the SDA line at high impedance. 

As this memory has an open drain SDA output, an external 
pull-up resistor to Vdd should be included on SDA line. 


SECTION 4. SPi OPERATING MODE 


The serial transmission of this mode requires 4 wires to 
control the device operation. It features: 

• Multiple chips on same 3 wire bus with separate chip 
select lines. 

• SPISS chip selection. 

• SPICK clock line. Input only. 

• SPISI line used as Input only. 

• SPISO line used as Output only. 

• No acknowledge bit. 


• Programming under control of the master via serial 
opcodes. 

• Programming time under external control. 

• Write Inhibit after reset. 

• Write enable/disable via serial opcodes. 

• Byte address output for transparency. 

This SPI mode can be used with the SPI of Motorola 
Microprocessor MC6805S2/S3, MC6805K2/L3/L8, 
MC68HC05C4 and MC68HC1 1 . 
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Figure 9 SPI Block Diagram 


4.1 SPI Serial Interface 



Figure 10 SPI Chip Selection 
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The serial interface via pins SPICL, SPISI and SPISO is 
compatible with the SPI standard when the MODE pin is 
high. 

4.2 Lexicon 

This lexicon will describe some terms used in this serial 
interface description. 

MASTER ; The device that generates the serial clock on 
SPICK is designated as master. This memory can never 
function as a master. 

SLAVE : This memory always operate as a slave as the 
SPICK pin is always an input. 

TRANSMITTER / RECEIVER : This device has separate 
pins for data transmission (SPISO) and reception (SPISI). 
Simultaneous data input and output can therefore occur 
when the chip is selected with SPISS and is clocked 
(SPICK). 

MSB : The Most Significant Bit is the first bit transmitted 
and received. 

CHIP SELECT : The chip is selected when pin SPISS is low. 
When the chip is not selected, no data will be input from 
pin SPISI, and output pin SPISO is high impedance. 


4.3 Serial Op-Code 

The first byte transmitted after the chip is selected with 
SPISS going low, contains the opcode that defines the 
operation to be performed. 


Data 

Transmitted 

Operation 

1010 0111 

1010 0110 

1010 0100 

1010 0010 

Read byte address followed by data. 
Program enable. Vpp generator ON. 
Program disable. Vpp generator OFF. 
Write (Program) data. 


Table 2 SPI Opcodes 


All other codes are invalid. After an invalid code Is 
received, no data Is shifted in the MCM 2814 and the 
SPISO data output is high Impedance until a new SPISS 
falling edge re-initialises the serial communication. 

4.4 Protocol 

The MCM2814 SPI interface accepts both a negative or 
positive clock. 

The SPI protocol for this device defines the bytes 
transmitted on the SPISI and SPISO data lines for proper 
chip operation. 


SPI Negative Clock SPI Positive Clock 


SPISS "~\ 

r~ 


r 

SPICK 1 




SPISI sssxiTxr _ ] 

8BBS3 

b’t7 KT 1 

8B3BI 

SPISO {\\t BIT7 I 6 





Positive Clock Edge: Shift IN 
Negative Clock Edge: Data OUT 


Figure 1 1 SPI Clock Phase and Polarity 


4.5 Standby State 

The circuit is In standby when no serial transmission takes 
place, when no write is waiting for the Vpp enable 
command and when the Vpp generator Is off. 

When SPISS is high, standby state will follow; 

• A power up reset. 


• A Vpp disable command. 

• A Read, providing no Vpp enable command has been 
issued previously. 

The power consumption is minimum in standby. 
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4.6 Read Sequence 

Read One or More Bytes 

SPISS 

SPISI W^EArcOD7Y^ETD-5r/^\\\\\\\\\\\\\\\\\\\\\\\\\\TV 

SPISO — ( X BYTEADDR X DATAInl X DATA (n+ ifY " ")— 

Invalid Opcodes 

SPISS ^ r 

SP,S, BADCODE m XYW 

SPISO -c 

Figure 12 

Reading the memory via the serial SPI link requires the 
following sequence. The SPISS line is pulled low to select 
the device. The read opcode is transmitted on the SPISI 
line followed by the byte address. When this Is done, data 
on the SPISI line has no more influence on the memory. At 
the beginning of an SPI transaction, the SPISO buffer is 
turned on and will shift out the current byte address. This 

4.7 Program Sequence 

Write One to Four Bytes 

SPISS 

SPISI \\\)( WRITE CODE )(b^E ADDR n y DATA(n) ~)( DATA(n+1) ) (“ 

SPISO 

Vpp Enable/Disable 

SPISS ■A ! — \ r 

SPISI VPPEN XvWWWWWX VPPDIS. ) ^\\ \\\\\ 

SPISO — ) 



SPI Read 

can be used for a relative addressing of the byte address. 
The new byte address Is then transmitted followed by 
corresponding data. If just one byte Is read, SPISS can be 
pulled back to the high level. It is possible to continue the 
read sequence, as the byte address is automatically 
incremented. The byte address is shifted out only once, in 
the beginning of a transmission. 


Figure 13 SPI Program 


To program a byte, two separate conditions must be 
simultaneously present. The program must be enabled via 
the Vpp enable command, and a serial write must be done. 
The Vpp enable will also turn on the on-chip Vpp 
generator. At this time, the chip is obviously not in 
standby, even if SPISS is high. The program disable 
command will stop the on-chip Vpp supply and protect the 


EEPROM data against unwanted modifications. An 
external Vpp supply will also oe internally enabled or 
disabled by this mechanism. 

A write serial sequence includes an SPISS high to low 
transition, followed by the write code on the SPISI line. 
The byte address followed by the corresponding data to 
be written are then shifted through the SPISI pin. At the 
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beginning of an SPI transaction, the SPISO buffer is turned 
on and will shift out the current byte address. This can be 
used for a relative addressing of the byte to be 
programmed. The new byte address is also echoed for 
possible checking by the master. If Vpp Is enabled, the 
programming will start after the SPISS line goes back to a 
high level. It is also possible to issue the Vpp enable 
command after the write sequence. 

If the Vpp enable command is issued after the serial write, 
no Read or invalid code should be transmitted In between 
as this would clear the programming latch containing the 

4.8 Signal Levels 


data to be programmed. 

The programming Is suspended when a new chip 
selection with SPISS low occurs. It is then possible to send 
a new write command to program new data. A Vpp enable 
or a Read command will stop the programming. 


It is possible to program simultaneously up to 4 bytes, 
provided the 6 most significant bits of their addresses are 
identical. The byte address is Incremented after each new 
data byte shifted in. 


SPISS 

Input 


Negative 

SPICK 

Input 


SPISI 

Input 


SPISO 

Output 


Positive 

SPICK 

Input 



Figure 14 SPI Timings 


Electrical and switching characteristics are described in Section 5. 
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SECTION S. CHARACTERISTICS 


Vss = 0V 


5.1 Maximum Ratings 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vdd 

-0.3 to +7.0 

Vdc 

Input voltage pins 1, 3, 5, 6 

Vin 

-0.3 to +7.0 

Vdc 

Input voltage pin 2 

Vin 

-0.3 to Vdd +0-3 

Vdc 

Current on any Input 

•in 

0.1 

mA 

Sink current SDA 

ISDAL 

10 

mA 

Sink current SPISO 

ISOL 

10 

mA 

Source current SPISO 

ISOH 

10 

mA 

Operating temperature 

ta 

0to70* 

X 

Storage temperature 

TS 

-55 to 125** 

X 

Junction Temperature 

Tj 


X 

Thermal resistance 

CD 

mBmM 

X/W 


*Specification over the temperature range, -40 to +85°C to be determined. 

Stresses above those listed under 'Maximum Ratings' may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of this 
specification is hot implied. Exposure to absolute maximum operating conditions for extended periods may affect reliability. 

**ln particular, continuous high temperature application may cause leakage of stored charge in EEPROM, resulting in data loss. 


5.2 Electrical Characteristics 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Supply voltage STANDBY 

VdDS 

- 

- 

6.0 

Vdc 

Supply current STANDBY* 

•dds 

- 

1 

TBD 

|xA 

Supply voltage READ 

vddr 

3.0 

- 

6.0 

Vdc 

Supply current READ* 

•ddr 

- 

0.3 

1.5 

mA 

Supply voltage PROG 

vddp 

4.5** 

- 

6.0 

Vdc 

Supply current PROG* 

•ddp 

- 

0.5 

3.0 

mA 


^Inputs at Vss or Vdd- 

**Programmability at 3 V Vqdp (min) is still to be determined. 
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1 

Characteristic 

Symbol 

SCL, SDA, SPISS, SPISI Inputs 


Input low voltage 

V|L 

Input high voltage 

V|H 

Input leakage 

l|N 

SDA/SPISO Pull down Outputs 


Output low Iql <10mA 

VOL 

Output high leakage 

»OH 

Output low Iql = 3 rnA 

Vdd = 5V 

VOL 

Output low Iql = *1 n^A 

Vqd = 3 V 

VOL 

SPISO Pull up Output 


Output high Iqh = ‘1-6 nnA 

Vdd = 5V 

VOH 

Output high Iqh = 0.4 mA 

VdD = 3 V 

VOH 

MODE, CSLCSO Inputs 


Input low voltage 

V|lV 

Input high voltage 

V|H 

Input leakage 

i|N 

Input capacitance 

Qn 



5.4 SWITCHING PARAMETERS 
5.4.1 General 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Programming time 1 byte 

tPROG 

10 

- 

tBD 

mS 

Programming time 4 bytes 

tPROG 

20 

- 

tBD 

mS 
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5.4.2 Serial Bus Input 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

SDA/SPISI, SCL/SPICK, SPISS Inputs 

Clock frequency 

fscl 

0.0 


125 

kHz 

Clock High time 

tCLH 

4.0 

- 

- 

|XS 

Clock Low time 

tCLL 

4.0 

- 

- 

p.S 

Stop to Start delay 

tBUF 

4.0 

- 

- 

p.S 

Start hold time 

tHSTA 

4.0 

- 

- 

pS 

Data hold time 

tHSDA 

0.0 

- 

- 

p.S 

Data set-up time 

tSSDA 

250 

- 

- 

nS 

Input Rise time 

tRI 

- 

- 

1.0 

p.S 

Input Fall time 

tFI 

- 

- 

300 

nS 

Stop set-up time 

tSSTO 

4.0 

- 

- 

jtS 

SPISS Lead time 

tss 

4.0 

- 

- 

p.S 

SPISS Lag time 

tSSN 

4.0 

- 

- 

|jlS 


All values refer to V|h and V||_ levels. 


5.4.3 Serial Bus Output 

Vdd = 5 Vdc ±10%. Ta = 0 to 70“C. Cl = 200 pF. 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

SDA/SPISO Outputs 






Data delay 

tDSDA 

- 

1.5 

3.5 

p.S 

Rise time SDA 

tRO 

- 

- 

# 

nS 

Rise time SPISO 

tRO 

- 

- 

100 

nS 

Falltime 

tFO 

- 

- 

100 

nS 

SPI select time 

tsso 

- 

- 

1.2 

pS 

Disable time 

tDIS 

- 

1.5 

3.5 

|xS 

Vdd = 3.3 Vdc ± 10%. Ta = 0 to 70°C. Cl = 

200 pF. 





1 

Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

SDA/SPISO Outputs 






Data delay 

tDSDA 

- 

2.0 

3.5 

p.S 

Rise time SDA 

tRO 

- 

- 

* 

nS 

Rise time SPISO 

tRO 

- 

- 

200 

nS 

Fall time 

tFO 

- 

- 

200 

nS 

SPI select time 

tsso 

- 

- 

1.5 

)JlS 

Disable time 

tDIS 

- 

2.0 

3.5 

p.S 


Ail values referred to V|h and V|l levels. 
^Depends on external pull-up resistor value. 
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MECL Memories 


MC10H145 16x4Register File, 6 ns 7-3 

MC10H155 8 x 2 Content Addressable 7-6 

MCM10139 32 x 8 PROM, 20 ns 7-11 

MCM10143 8x2 Multiport Register File, 15.3 ns .... 7-16 

MCM10144 256x1 RAM, 26 ns 7-20 

MCM10145 16x4Register File, 15 ns 7-24 

MCM10146 1024x1 RAM, 29 ns 7-18 

MCM10147 128x1 RAM, 15 ns 7-32 

MCM10148 64x1 RAM, 15 ns 7-36 

MCM10149*10 256x4 PROM, 10 ns 7-38 

MCM10149*25 256 x 4 PROM, 25 ns 7-42 

MCM10152 256x1 RAM, 15ns 7-45 
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RAMS 

(0 to 750C) 


Organization 

Part Number 

Access Time 
(ns max) 

Pins 

8x2 

MCM10143 

15.3 

24 

16x4 

MCM10146 

15 

16 

16x4 

MC10H145 

6 

16 

64x1 

MCM10148 

15 

16 

128x1 

MCM10147 

15 

16 

256x1 

MCM10144 

26 

16 

256x1 

MCM10152 

15 

16 

1024x1 

MCM10146 

29 

16 


PROMs 

(0 to 75®C) 


Organization 

Part Number 

Access Time 
(ns max) 

Pins 

32x8 

MCM10139 

20 

m 

256 x4 

MCM10149-10 

10 

Hi 

256 x4 

MCM10149-25 

25 

MM 


CAM 

(0 to 750C) 


Organization 

Part Number 

Associate Time 
(ns max) 

Pins 

8x2 

MCM10H155 

7 

mm\ 


MECL, MECL 10K, and MECL 10KH are trademarks of Motorola Inc. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MC10H145 


Advance Information 


16 X 4 BIT REGISTER FILE 

The MCI OH 145 is a 16 x 4 bit register file. The active-low chip 
select allows easy expansion. 

The operating mode of the register file is controlled by the WE 
input. When WE is "low" the device is in the write mode, the 
outputs are "low" and the dat a present at Dp input is stored at 
the selected address, when WE is "high," the device is in the read 
mode — the data state at the selected location is present at the 
Qp outputs. 

• Address Access Time, 3.5 ns Typical 

• Power Dissipation, 700 mW Typical 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL lOK-Compatible 


MAXIMUM RATINGS 


Characteristic 

Symbol 

Rating 

Unit 

Power Supply (Vqq = 0) 

Vee 

-8.0 to 0 

Vdc 

Input Voltage (V^c - 0) 

V| 

0 to Vee 

Vdc 

Output Current — Continuous 

*out 

50 

mA 

— Surge 


100 


Operating Temperature Range 

ta 

0 to +75 


Storage Temperature Range — Plastic 

^stg 

-55 to +1 50 

°C 

— Ceramic 

-55 to +1 65 



ELECTRICAL CHARACTERISTICS (Vee = -5 2 V ± 5%) (See Note) 


Characteristic 

Symbol 


2S» 

75° 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

Power Supply Current 

'E 

- 

165 

- 

150 

- 

165 

mA 

Input Current High 

>inH 

- 

375 

- 

220 

- 

220 

mA 

Input Current Low 

•inL 

0.5 

- 

0.5 

- 

0.3 

- 

mA 

High Output Voltage 

VOH 

-1.02 

-0.84 

-0.98 

-0.81 

-0.92 

-0.735 

Vdc 

Low Output Voltage 

VOL 

-1.95 

-1.63 

-1.95 

-1.63 

-1.95 

-1.60 

Vdc 

High Input Voltage 

VlH 

-1.17 

-0.84 

-1.13 

-0.81 

-1.07 

-0.735 

Vdc 

Low Input Voltage 

V|L 

-1.95 

-1.48 

-1.95 

-1.48 

-1.95 

-1.45 

Vdc 


NOTE 

Each MECL 10KH series circuit has been designed to meet the dc specifications shown in the test 
table, after thermal equilibrium has been established The circuit is in a test socket or mounted on a 



TRUTH TABLE 


MODE 

INPUT 

OUTPUT 


CS 

We 

Dn 

Qn 

Write "0" 

L 

L 

L 

L 

Write "1 " 

L 

L 

H 

L 

Read 

L 

H 


Q 

Disabled 

H 

((> 

4> 

L 


(f> = Don't Care 
Q-State of Addressed Cell 



printed circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs are 


terminated through a 50-ohm resistor to -2.0 volts 


This document contains information on a new product Specifications and information herein are 
subject to change without notice 










MC10H145 


AC PARAMETERS 


Characteristics 

Symbol 

MC10H145 

T/^ = 0 to +75°C, 

Vee = -5.2 Vdc ±5% 

Unit 

Conditions 

Min 

Max 

Read Mode 




ns 

Measured from 50% of input to 50% of 

Chip Select Access Time 

tACS 

0 

4.0 


output. See Note 2. 

Chip. Select Recovery Time 

tRCS 

0 

4.0 



Address Access Time 

tAA 

0 

6.0 



Write Mod^ 




ns 

twSA = 3-5 ns 

Write Pulse Width 

tw 

6.0 

— 


Measured at 50% of input to 50% of 

Data Setup Time Prior to Write 

tWSD 

0 

— 


output, tw = 6.0 ns. 

Data Hold Time After Write 

tWHD 

1.5 

_ 



Address Setup Time Prior to Write 

tWSA 

3.5 

— 



Address Hold Time After Write 

tWHA 

1.5 

— 



Chip Select Setup Time Prior to Write 

twscs 

0 

— 



Chip Select Hold Time After Write 

tWHCS 

1.5 

— 



Write Disable Time 

tws 

1.0 

4.0 



Write Recovery Time, 

tWR 

1.0 

4.0 



Chip Enable Strobe Mode 




ns 

Guaranteed but not tested on 

Data Setup Prior to Chip Select 

tCSD 

0 

_ 


standard product. See Figure 1 . 

Write Enable Setup Prior to Chip Select 

tcsw 

0 

— 



Address Setup Prior to Chip Select 

tCSA 

0 

— i 



Data Hold Time After Chip Select 

tCHD 

1.0 

— 



Write Enable Hold Time After Chip Select 

tCHW 

0 

— 1 



Address Hold Time After Chip Select 

tCHA 

2.0 

— 



Chip Select Minimum Pulse Width 

tcs 

4.0 

- 1 



Rise and Fall Time 

tr- tf 



ns 

Measured between 20% and 80% 

Address to Output | 


0.6 

2.5 


points. 

CS to Output 


0.6 

2.5 



Capacitance 




PF 

Measured with a pulse technique. 

Input Capacitance 

Cin 

— 

6.0 



Output Capacitance 

Cout 

— 

8.0 




NOTES: 1 Test circuit characteristics: Rj = 50 tl. MCI 0H1 45. Cl< 5.0 pF (including jig and Stray Capacitance) Delay should 
be derated 30 ps/pF for capacitive loads up to 50 pF 

2. The maximum Address Access Time is guaranteed to be the worst-case bit in the memory, 

3. For proper use of MECL in a system environment, consult MECL System Design Handbook. 


FIGURE 1 - CHIP ENABLE STROBE MODE 
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MC10H146 


BLOCK DIAGRAM 


QO Q1 Q2 Q3 CS 



DO D1 D2 D3 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MCIOHISS 


Advance Information 


CONTENT ADDRESSABLE MEMORY 

The MCI OH 155 is a 16-bit ECL Content Addressable Memory 
(CAM). The device is organized as an array of 8 words by 2 bits 
with each cell of the array containing an exclusive-OR comparator, 
a D-type latch as well as control logic. The modes of operation 
possible with the MC10H155 are reading, writing, associate, 
masked associate and the hybrid mode. 

• Associate Time 7.0 ns Max 

• Single Bit Masking 

• Open Emitter Match Lines for Easy Bit Expansion 

• Improved Noise Margin 150 mV (Over Operating Voltage and 
Temperature Range) 

• Voltage Compensated 

• MECL lOK-Compatible 


MAXIMUM RATINGS 


Characteristic 

Symbol 

Rating 

Unit 

Power Supply (Vcc = 0) 

Vee 

- 8.0 to 0 

Vdc 

Input Voltage (Vcc = 0) 

V| 

0 to Vee 

Vdc 

Output Current — Continuous 

•out 

50 

mA 

— Surge 


100 


Operating Temperature Range 

Ta 

0 to +75 

X 

Storage Temperature Range — Plastic 

^stg 

- 55 to +150 

X 

— Ceramic 

- 55 to + 165 

X 


ELECTRICAL CHARACTERISTICS (Vee = -5.2 V ±5%) (See Note) 




OX 

25X 

75“ 


Characteristic 

Symbol 

Min 

Max 

Min 

Max 

Min 

Max 

Unit 

Power Supply Current 

lE 

— 

135 

— 

125 

— 

135 

mA 

Input Current High 

•inH 







aA 

Pins 2,3, 4,5, 7, 









12,14,15,16,17 


— 

380 

— 

240 

— 

240 


Pins 10,11 


— 

435 

— 

270 

— 

270 


Pin 8 


— 

400 

— 

250 

— 

250 


Input Current Low 

•inL 

0.5 

— 

0.5 

— 

0.3 

— 


High Output Voltage 

VOH 

-1.02 

-0.84 

-0.98 

-0.81 

-0.92 

-0.735 

Vdc 

Low Output Voltage 

VOL 

-1.95 

-1.63 

-1.95 

-1.63 

-1.95 

-1.60 

Vdc 

High Input Voltage 

V|H 

-1.17 

-0.84 

-1.13 

-0.81 

-1.07 

-0.735 

Vdc 

Low Input Voltage 

V|L 

-1.95 

-1.48 

-1.95 

-1.48 

-1.95 

-1.45 

Vdc 


NOTE: 

Each MECL 10KH series circuit has been designed to meet the dc specifications shown in the 
test table, after thermal equilibrium has been established. The circuit is in a test socket or 
mounted on a printed circuit board and transverse air flow greater than 500 Ifpm is maintained. 
Outputs are terminated through a 50 ohm resistor to -2.0 volts. 



L SUFFIX 

CERAMIC PACKAGE 
CASE 726-04 


P SUFFIX 

PLASTIC PACKAGE 
CASE 707-02 



BLOCK DIAGRAM 


AO 


1 ( 11 ) 


A1 


1 ( 10 ) 



(7) (6) (12) (13) 



This document contains information on a new product. Specifications and information herein is 
subject to change without notice. 
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MC10H155 


AC PARAMETERS 


Characteristic 

0” 

25” 

75X 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

Associate Time 


(I to Y) 

TA1 

— 

6.0 

_ 


6.0 

_ 

7.0 

ns 



(A to Y) 

TA2 

— 

6.0 

— 


6.0 

— 

7.0 


Disable Time 


(A to Y) 

TD1 

— 

6.0 

_ 


6.0 

_ 

7.0 

ns 



(A to D> 

TD2 

— 

4.0 

— 


4.0 

— 

5.0 




(Y to D) 

TD3 

— 

7.5 

— 


7.5 

— 

8.0 


Setup Time 


(A to W) 

TS2 

— 

8.0 

— 


8.0 

_ 

9.0 

ns 



(Y to W) 

TS3 

— 

3.0 

— 


3.0 

— 

4.0 




(I to W) 

TS4 

— 

4.0 

— 


4.0 

— 

5.0 


Write Pulse Width 



TW 

— 

8.0 

— 


8.0 

— 

9.0 

ns 

Write Access Time 

TS4 ^ TW 

(W to D) 

TA3 

— 

8.0 

— 


8.0 

— 

9.0 



TS4 ^ TW 

(I to D) 

TA4 

— 

6.0 

— 


6.0 

— 

7.0 


Hold Time 


(W to A) 

TH1 

— 

1.0 

— 


1.0 

— 

1.5 

ns 



(W to Y) 

TH2 

— 

3.0 

— 


3.0 

— 

4.0 




(W to I) 

TH3 

— 

3.0 

— 


3.0 

— 

4.0 


Read Access Time 

TS4 ^ TW 

(Y to D) 

TAB 

— 

6.0 

— 


6.0 

_ 

6.0 

ns 


TS4 ^ TW 

(A to D) 

TAB 

— 

4.0 

— 


4.0 

— 

5.0 


Cycle Time, CP Rate 

40 

- 

40 

- 

35 

— 

MHz 


TRUTH TABLE 


Mode 

AO 

A1 

10 

11 

w 

DO 

D1 

QnO 

Qnl 

Yn 

Associate'* 

1 

1 

1/0 

1/0 

X 

0 

0 

QnO 

Qnl 

QnO © 10 + Qnl © 11 

Associate** '2 

(Masked) 

1 

0 

1/0 

X 

1 

0 

D1 

QnO 

Qnl 

QnO © 10 

Associate”* '2 

(Masked) 

0 

1 

X 

1/0 

1 

DO 

0 

QnO 

Qnl 

Qnl ©11 

Read2>3 

0 

0 

X 

X 

1 

DO 

D1 

QnO 

Qnl 

0 (Selected Address) 

Write3,4 

0 

0 

1/0 

1/0 

0 

10 

11 

10 

11 

0 (Selected Address) 

Hybrids 

1 

0 

1/0 

1/0 

0 

0 

11 

QnO 

IVYn 

QnO © 10 

Hybrid^ 

0 

1 

1/0 

1/0 

0 

10 

0 

IO‘Yn 

Qnl 

Qnl ©11 


X = Don't Care 

QnO = Contents of Address n, Bit 0 (n = 0 to 7) 
Qnl = Contents of Address n. Bit 1 


NOTES: 

1. 1 (High) = Mismatch of_Qn @1, 0 (Low) =_Match of Qn ©I 

2. DO = QOO'YO + Q10‘Y1 + ••• + Q70* W 
D1 = Q01 'YO + Q11 ‘Yl + ••• + Q71 •Y7 

3. Under normal operation, only one Y address is selected for read or write. 

4. The write is transparent. 

5. At all "matched" addresses there exists a simultaneous Associate and Write. 
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MC10H155 


DESCRIPTION OF MODES OF OPERATION 

The MC10H155 can be operated in any of the follow- 
ing modes: Read, Write, Associate, Masked Associate 
and Hybrid. Lines Y0-Y7 can be used as either inputs 
(a linear word select in the read/write mode) or as out- 
puts (indicating match/mismatch in the associate mode). 

Associate 

Data present on the 10 and II Inputs are compared 
with the latch outputs (QnO, Qnl ) of each cell. If the data 
input is at the same state as the latch output of a par- 
ticular Y location, that Y-line goes low. Because these 
Y outputs are open emitters, expansion in multiples of 
2 bits is obtained by tying additional MC10H155'sto the 
Y-bus lines. 

Masked Associate 

This mode allows only the comparison of a single bit 
which is selected by bringing the corresponding AO- or 
Al-llne high. The other bit is inhibited by holding the 
corresponding AO- or Al-llne low. 

Read 

The particular cell output to be read is selected by 
bringing the associated Y-input low. Under normal op- 


eration only one cell Is selected to be read, all Y-inputs 
of deselected cells must be held high. The state of the 
selected cell appears on outputs DO and.DI. In the case 
where more than one cell Is selected, the outputs of 
these cells are OR-ed together and appear on the DO-, 
D1 -outputs. 

Write 

In this mode data present at the I0-, II -Inputs is trans- 
ferred to the latch outputs. Since the DO-, D1 -outputs 
are transparent, they follow the state of these I0-, II- 
inputs. The particular cells to be written into are selected 
by taking their respective Y-inputs low. All deselected 
cells, Y-inputs must be held high. 

Hybrid 

In this mode, only one of the 10- or 11-data inputs are 
associated with their respective latch outputs, QnO or 
Qnl. If a match exists, the corresponding Yn-line(s) will 
go low. As the Y-line goes low, this will address the 
other half of the memory for writing new data. Thus, 
when 10 matches QnO, it is possible to write II in Qnl 
or vice versa. 
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MC10H155 



Y 


TIMING DIAGRAMS 


READ CYCLE 



WRITE CYCLE 



ASSOCIATE CYCLE 


jf 


-TA2-i 


-TA1- 


Mismatch 




£ 


Match 




1 


Mode Select 


Y Output 


Input Data 
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TECHNICAL DATA 


MCM10139 


256-BIT PROGRAMMABLE READ ONLY MEMORY 
(PROM) 

The MCM10139 is a 256-bit programmable read only memory 
(PROM). The circuit is organized as 32 words of 8 bits. Prior to 
programming, all stored bits are at logic 0 (low) levels. The logic 
state of each bit can then be changed by on-chip programming 
circuitry. The MCM10139 has a single negative logic chip enable. 
When the chip is disabled (CS = high), all outputs are forced to 
a logic 0 (low). 

The l\/ICM10139 is fully compatible with the MECL 10,000 
logic family. It is designed for use in microprogramming, code 
conversion, logic simulation, and look-up table storage. 

Pq = 520 mW typ/pkg (No Load) 

^Access = 15 ns typ (Address Inputs) 


MECL 


32 X 8 BIT PROGRAMMABLE 
READ-ONLY MEMORY 



L SUFFIX 

CERAMIC PACKAGE 
CASE 620 


LOGIC DIAGRAM 



F SUFFIX 

CERAMIC PACKAGE 
CASE 650 



9 

D7 


7 6 5 4 

D6 D5 D4 D3 


3 2 1 

D2 D1 DO 


PIN ASSIGNMENT 
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ABSOLUTE MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage (V^c " 0) 

r 

< 

m 

m 

-8 to 0 

Vdc 

Base Input Voltage (Vqc “ 0) 

Vin 

0 to VgE 

Vdc 

Output Source Current — Continuous 
— Surge 

'o 

<50 

<100 

mAdc 

Junction Operating Temperature 

Tj 

<165 

°C 

Storage Temperature Range 

Tstg 

-55 to +150 

°c 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS 


are exceeded. 


ELECTRICAL CHARACTERISTICS 

Each MECL Memory circuit has been 
designed to meet the dc and ac specifications 
shown in the test table, after thermal equili- 
brium has been established. The circuit is in 
a test socket or mounted on a printed circuit 
board and transverse air flow greater than 500 
linear fpm is maintained. Outputs are ter- 
minated through a 50-ohm resistor to -2.0 volts. 



DC Test Voltage Values 
(Volts) 

Test Temperature 

'^IHmax 

V|Lmin 

'^IHAmin 

'^ILAmax 

Vee 

0°C 

-0.840 

-1.870 

-1,145 

-1.490 

-5.2 

+ 25°C 

-0.810 

-1.850 

-1.105 

-1.475 

-5.2 

+75OC ' 

-0.720 

-1.830 

-1,045 

-1.450 

-5.2 





Unit 

Conditions 

0°C 

+25°C 

+75°C 



Max 

Min 

Max 

Power Supply Drain Current 

'EE 

150 

- 

145 

- 

140 

mAdc 

Typ Iee @ 25OC = 100 mA. All out- 
puts and inputs open. Measure pin 8. 

Input Current High 



- 


- 

265 


Test one Input at a time, all other 
inputs are open. Vjn = V|n. 


mm 

0.5 


- 





Logic "1 " 

Output Voltage 

Vqh 

-1.000 -0.840 


-0,810 


-0.720 

Vdc 

Load 50 n to -2.0 V. 

Logic "0” 

Output Voltage 

mi 



-1,650 

-1.970 


Vdc 




-0.980 

- 


- 

Vdc 

Threshold testing is performed and 
guaranteed on one input at a time. 




- 


- 



KKSQIlilSEDEIIlfHHHi 


SWITCHING CHARACTERISTICS (T^ = 0° to +75°C, VgE = -5.2 Vdc ±5%; Output Load— See Figure 1 and Note 1) 



Symbol 



Conditions 



BCSH 

Chip Select Access Time 



ra 


ns 

See Figures 2 and 3. 

Chip Select Recovery Time 



BEH 


ns 

Measured from 50% of input to 50% 

Address Access Time 



u 


ns 

of output. See Note 2. 




3.0 

- 

ns 

Measured between 20% and 80% points. 




4.0 

5.0 

pF 





7.0 

8.0 

pF 



Notes; 1 . Contact your Motorola Sales Representative for details if extended temperature operation is desired. 
2. The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the memory. 


MOTOROLA MEMORY DATA 


7-12 




































MCM10139 


RECOMMENDED PROGRAMMING PROCEDURE* 

The MCM10139 is shipped with all bits at logical “0" (low). To write logical "Is”, proceed as follows. 


MANUAL (See Figure 4) 

Step 1 Connect VgE (Pin 8) to -5.2 V and Vcc (Pin IS) to 
0.0 V. Address the word to be programmed by applying 
-1.2 to -0.6 volts for a logic "1 '' and -5.2 to -4.2 volts for a logic 
"0" to the appropriate address inputs. 

Step 2 Raise Vqq (Pin 16) to +6.8 volts. 

Step 3 After Vcc has stabilized at +6.8 volts (including any 
ringing which may be present on the line), apply 
a current pulse of 2.5 mA to the output pin corresponding to the 
bit to be programmed to a logic "1 

Step 4 Return Vcc 0 0 Volts. 

CAUTION 

To prevent excessive chip temperature rise, Vqc should not 
be allowed to remain at +6.8 volts for more than 1 second. 

Step 5 Verify that the selected bit has programmed by con- 
necting a 460 n resistor to -5.2 volts and measuring 
the voltage at the output pin. If a logic "1" is not detected at the 
output, the procedure should be repeated once. During verification 
V|H should be -1.0 to -0.6 volts. 

Step 6 If verification is positive, proceed to the next bit to 
be programmed. 


AUTOMATIC (See Figure 5) 

Step 1 Connect Vgg (Pin 8) to r-5.2 volts and Vqc (Pin 16) 
to Q.O volts. Apply the proper address data and raise Vqq 
(Pin 16) to +6.8 volts. 

Step 2 After a minimum delay of 100 jus and a maximum delay 
of 1.0 ms, apply a 2.5 mA current pulse to the first bit to 
be programmed (OT < PW < 1 ms). 

Step, 3 Repeat Step 2 for each bit of the selected wor;d specified 

as a logic "1”. (Program only one bit at a time. The delay 
between output programming pulses should be equal to or less than 
1.0 rns.) 

Step 4 After all the desired bits of the selected word have been 
programmed, change address data and repeat 
Steps 2 and 3. / 

NOTE: If all the maximum times listed above are maintained, the 
entire memory will program in less than 1 second. Therefore, it 
would be permissible for Vqq to remain at +6.8 volts during the 
entire programming time. 

Steps After stepping through all address words, return V^c to 
0.0 volts and verify that each bit has programmed. If one 
or more bits have not programmed, repeat the entire procedure 
once. During verification V|h should be -1.0 to -0.6 volts. 


*NOTE: For devices that program incorrectly— return serialized units with individual truth tables. Noncompliance voids warranty. 


PROGRAMMING SPECIFICATIONS 


Characteristic 

Symbol 

Limits 

Units 

Conditions 

Min 

Typ 

Max 

Power Supply Voltage 

Vee 

-5.46 

-5.2 

-4.94 

Vdc 


T o Program 

VcCP 

+6.04 

+6.8 

+ 7.56 

Vdc 


To Verify 

Vccv 

0 

0 

0 

Vdc 


Programming Supply Current 

•CCP 

- 

200 

600 

mA 

Vqq = +6.8 Vdc 

Address Voltage 

V|H Program 

-1.2 

- 

-0.6 

Vdc 


Logical "1" 

V|H Verify 

-1.0 

- 

-0.6 

Vdc 


Logical "0" 

V,L 

-5.2 

- 

-4.2 

Vdc 


Maximum Time at Vqq = Vqqp 

- 

- 

• ■- 

1.0 

sec 


Output Programming Current 

•op 

2.0 

2.5 

3.0 

mAdc 


Output Program Pulse Width 

^p 

0.5 

- 

1.0 

ms 


Output Pulse Rise Time 

- 

- 

- 

10 

MS 


Programming Pulse Delay (1) 







Following Vqq change 

td 


- 

1.0 

ms 


Between Output Pulses 

td1 


- 

1.0 

ms 



NOTE 1 . Maximum is specified to minimize the amount of time Vqq is at +6.8 volts. 
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MCM10139 


FIGURE 4 - MANUAL PROGRAMMING CIRCUIT 



FIGURE 5 - AUTOMATIC PROGRAMMING CIRCUIT 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


8x2 MULTIPORT REGISTER FILE 
(RAM) 

The MCI 0143 is an 8 word by 2 bit multiport register file (RAM) 
capable of reading two locations and writing one location simul- 
taneously. Two sets of eight latches are used for data storage in 
this LSI circuit. 

WRITE 

A write occurs on the positive to negative transition of the clock. 
Data is enabled by having the write enable (of each bit to be 
written) low when the clock transition Is made. The written infor- 
mation Is seen at the output on the negative to positive clock 
transition provided the read enable (of each bit) is at a low level. 
To Inhibit a bit from being written, the write enable of that bit 
must be at a high level when the clock goes to a low state and 
must remain high until clock goes high. The operation of the clock 
and write enables can be reversed. While the clock is low, a pos- 
itive to negative transition of the write enable will write into the 
bit addressed by A 0 -A 2 . The data Is seen at the output on the 
negative to positive transition of the clock, provided the read 
errable is low. 

READ 

When the clock is high any two words may be read out simul- 
taneously, as selected by addresses B 0 -B 2 and C 0 -C 2 , Including 
the word written during the preceding half clock cycle. When the 
clock goes low the addressed data is stored in the slaves. Level 
changes on the read address lines have no effect on the output 
until the clock again goes high. Read out is accomplished at any 
time by enabling output gates (Bg-B-i), (Cq-Ci). 

fpd- 

CLock to Data out = 5 ns (typ) 

(Read Selected) 

Address to Data out = 10 ns (typ) 

(Clock High ) 

Read Enable to Data out = 2.8 ns (typ) 

(Clock high. Addresses present) 

Pp = 610 mW/pkg (typ no load) 


TRUTH TABLE 1 

‘MODE 

INPUT 1 

OUTPUT 1 


“Clock 

W^O 

wEi 

Do 

o^ 



QBq 

QBi 

QCq 

D 

O 

Write 

L-nn 

L 

L 

H 

H 

H 

H 

L 

L 

L 

L 

Read 

H 

0 

0 

0 

0 

L 

L 

H 

H 

H 

H 

Read 

H->-L 

0 

0 

0 

0 

L 

L 

H 

H 

H 

H 

Read 

L-»'H-M_ 

H 

H 

0 

0 

L 

L 

H 

H 

H 

H 

Write 

L^H 

L 

L 

L 

H 

H 

H 

L 

L 

L 

L 

Read 

H 

<t> 

0 

<t> 

0 

L 

L 

L 

H 

L 

H 


••Note; Clock occurs sequentially through Truth Table 
•Note. A0-A2, BO-B2, and C0-C2 are all' set to same address location 
throughout Table. 

0 = Don't Care 


MCM10143 


MECL 


8x2 MULTIPORT REGISTER 
FILE (RAM) 



L SUFFIX 

CERAMIC PACKAGE 
CASE 623 
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MCM10143 


BLOCK DIAGRAM 


REb 


Bo 

B1 

B2 


WEq 

Do 

Clock 

Ao 

Al 

A2 


WE 1 
Dl 


Do 

Cl 

C2 


4 

O — 



Output 
Gate 
B-bit 1 


J L 



Output 

3 

, 

B-bit 0 




J 

Output 

22 ^ 





n 

C-bit 1 



n 



Output 
Gate 
C-bit 0 















MCM10143 


ABSOLUTE MAXIMUM RATINGS 


Rating 

Symtbol 

Value 

Unit 

Power Supply Voltage (V^c = 0) 

iS 

m 

-8 toO 

Vdc 

Base Input Voltage (Vqc = 0) 

Vin 

0 to Vgg 

Vdc 

Output Source Current - Continuous 
— Surge 

•o 

<50 
< 100 

mAdc 

Junction Operating Temperature 

Tj 

< 165 

°C 

Storage Temperature Range 

^stg 

-55 to +150 

°C 


Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 


ELECTRICAL CHARACTERISTICS 

Each MECL Memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the test table, after thermal equi- 
librium has been established. The circuit 
is in a test socket or mounted on a printed 
circuit board and transverse air flow greater 
than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor 
to -2.0 volts. 


ELECTRICAL CHARACTERISTICS 



DC TEST VOLTAGE VALUES 
(Volts) 

Test 

Temperature 

ViHmax 

V|Lmin 

ViHAmin 

ViLAmax 

Vee 

0°C 

-0.840 

-1.870 

-1.145 

-1 .490 

-5.2 

+25°C 

-0.810 

-1 .850 

-1.105 

-1.475 

-5.2 

+75°C 

-0.720 

-1 .830 

-1 .045 

-1 .450 

-5.2 


SWITCHING CHARACTERISTICS (Ta = 0° to +75°C, Vee = -5.2 Vdc ± 5%) 


Characteristics 

Symbol 

0®C 

+25*>C 

+75OC 

Unit 

Min 

Max 

Min 

Typ 

Max 

Min 

Max 

Power Supply Drain Current 

'E 

- 

150 

- 

118 

150 


150 

mAdc 

Input Current 

•inH 








juAdc 

Pins 10, 11, 19 


- 

245 

- 

- 

245 

- 

245 


All other pins 


- 

200 

- 

- 

200 

- 

200 


Switching Times ® 









ns 

Read Mode 










Address Input 

^ QB + 

4.0 

15.3 

4.5 

10 

14.5 

4.5 

15.5 


Read Enable 

t^-QB + 

1.1 

5.3 

1.2 

3.5 

5.0 

1.2 

5.5 


Data 

lClock + QB- 

1.7 

7.3 

2.0 

5.0 

7.0 

2.0 

7.6 


Setup 










Address 

1setup(B -Clock-) 

- 

- 

8.5 

5.5 

- 

- 

- 


Hold 










Address 

thold(Clock-B+) 

- 

- 

-1.5 

-4.5 

- 

- 

- 


Write Mode 










Setup 










Write Enable 

lsetup(WE-Clock+) 

- 

- 

7.0 

4.0 

- 

- 

- 


Write Disable 

isetup (W E + Clock - ) 

- 

- 

1.0 

-2.0 

- 

- 

- 


Address 

isetup(A -Clock +) 

- 

- 

8.0 

5.0 

- 

- 

- 


Data 

isetuolD -Clock +) 

— 

— 

5.0 

2.0 

— 

- 

- 


Hold 








i 


Write Enable 

thold(Clock-WE+) 

- 

- 

5.5 

2.5 

- 

- 

- 


Write Disable 

thold(Clock+WE-) 

- 

- 

1.0 

-2.0 

- 

- 

- 


Address 

thold(Clock+A+) 


- 

1.0 

-3.0 

- 

- 

- 


Data 

thold(Clock + D+) 


- 

1.0 

-2.0 

- 

- 

- 


Write Pulse Width 

PWwl ' 

- 

- 

8.0 

5.0 

- 

- 

- 


Rise Time, Fall Time 

v. tf 

1.1 

4.2 

1.1 

2.5 

4.0 

1.1 

4.5 


(20% to 80%) 











(^AC timing figures do not show all the necessary presetting conditions. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MCM10144 


256 X 1-BIT RANDOM ACCESS MEMORY 

The MCM10144 is a 256 word x 1-bit Read/Write Random 
Access Memory. Data is accessed or stored by means of an 8-bit 
address decoded on chip. It has a non-inverting data out, a separate 
data in line and 3 active-low chip select tines. It has a typical access 
time of 17 ns and is designed for high-speed scratch pad, control, 
cache, and buffer storage applications. 

• Typical Address Access Time = 1 7 ns 

• Typical Chip Select Access Time = 4.0 ns 

• Operating Temperature Range = 0° to +75°C 

• Open Emitter Output Permits Wired-OR for Easy Memory 

Expansion 

• 50 Input Pulldown Resistors on Chip Select 

• Power Dissipation Decreases with Increasing Temperature 

• Fully Compatible with MECL 10,000 Logic Family 

• PinTor-Pin Replacement for F10410 


BLOCK DIAGRAM 


CS1 CS2 CS3 



256 X 1-BIT 
RANDOM ACCESS 
MEMORY 


Bit Address Buffer/ 
1/8 Decoder 



• CS - CS1 + CS2 + CS3 0 = Don't Care. 
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MCM10144 


FUNCTIONAL DESCRIPTION: 

The MCM10144 is a 256 word x 1-bit RAM. Bit selec- 
tion is achieved by means of an 8-bit address AO thru A7. 

The active-low chip select allows memory expansion up 
to 2048 words. The fast chip select access time allows 
memory expansion without affecting system performance. 


The operating mode of the RAM (CS inputs low) is 
controlled by the WE input. With WE low the chip is 
in the write mode-the output is low and the data present 
at Djn is stored at the selected address. With WE high the 
chip is in the read mode— the data state at the selected 
memory location is presented non-inverted at Doy^. 


ABSOLUTE MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage (Vcc = 0) 

VeE 

-8 to 0 

Vdc 

Base Input Voltage (Vqc “ 

Vin 

0 to Vee 

Vdc 

Output Source Current — Continuous 
— Surge 

•o 

<50 
< 100 

mAdc 

Junction Operating Temperature 

Tj 

< 165 

OC 

Storage Temperature Range 

"^^stg 

-55 to +1 50 

OC 


Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 



DC TEST VOLTAGE VALUES 
(Volts) 

Test 

Temperature 

VlHmax 

V|Lmin 

ViHAmin 

ViLAmax 

vee 

0°C 

-0.840 

-1 .870 

-1.145 

-1 .490 

-5.2 

+25°C 

-0.810 

-1 .850 

-1.105 

-1 .475 

-5.2 

- 1 - 75 OC 

-0.720 

-1 .830 

-1 .045 

-1 .450 

-5.2 


ELECTRICAL CHARACTERISTICS 

Each MECL Memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the test table, after thermal equi- 
librium has been established. The circuit 
is in a test socket or mounted on a printed 
circuit board and transverse air flow greater 
than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor 
to -2.0 volts. 


n 

DC Characteristics 

Symbol 

MCM10144 Test Limits 

Unit 

Conditions 

0®C 

+25®C 

+75®C 

Min 

Max 

Min 

Max 

Min 

Max 

Power Supply Drain Current 

'EE 


130 


125 


120 

mAdc 

Typ Iee@ 250C =90 mA 

All outputs and inputs open. 
Measure pin 8. 

Input Current High 

'inH 


220 


220 


220 

juAdc 

Test one input at a time, all 
other inputs are open. 

Vin= V|H. 

Input Current Low 

'in'- 

0.5 


0.5 


0.3 


juAdc 

Test one input at a time, all 
other inputs are open. 

Vin = V|L. 

Logic "I” 

Output Voltage 

VOH 

-1.000 

-0.840 

-0.960 

-0.810 

-0.900 

-0.720 

Vdc 

Load 50 n to -2.0 V 

Logic ”0" 

Output Voltage 

VoL 

-1.870 

-1 .665 

-1 .850 

-1.650 ' 

-1 .830 

-1 .625 

Vdc 

Logic "1 " 

Threshold Voltage 

VOHA 

-1 .020 

- 

-0.980 

- 

-0.920 

- 

Vdc 

Threshold testing is performed 
and guaranteed on one input at 
a time. Vjn = V|ha O'’ V|lA- 
Load 50 n to -2.0 V. 

Logic “0" 

Threshold Voltage 

VOLA 

- 

-1.645 

- 

-1 .630 

- 

-1.605 

Vdc 
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MCM10144 


SWITCHING CHARACTERISTICS (T^ = 0“ to +75°C, Vge - -5.2 Vdc i 5%; Output Load see Figure 1 ; see Note 1 St 3.) 



Read Mode 

Chip Select Access Time 
Chip Select Recovery Time 
Address Access Time 


Write Mode 

Write Pulse Width 
Data Setup Time Prior to Write 
Data Hold Time After Write 
Address Setup Time Prior to Write 
Address Hold Time After Write 
Chip Select Setup Time Prior to Write 
Chip Select Hold Time After Write 
Write Disable Time 
Write Recovery Time 


Rise and Fall Time 

Output Rise and Fall Time 
Output Rise and Fall Time 


Capacitance 

Input Capacitance 
Output Capacitance 


Notes: (1 ) Contact your Motorola Sales Representative for details if extended temperature operation is desired. 

(2) The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 

(3) For proper use of MECL Memories in a system environment, consult: "MECL System Design Handbook." 


See Figures 2 and 3. 

Measured from 50% of input to 50% of 
output. See Note 2. 


tWSA = 8.0 ns 

Measured at 50% of input to 50% of 
output. 

tyy = 25 ns. See Figure 4. 


Measured between 20% and 80% points. 
When driven from Address inputs. 

When driven from C5 or WE inputs. 


FIGURE 1 -- SWITCHING TIME TEST CIRCUIT 



Vcc = Gnd 



INPUT LEVELS 



All timing measurements referenced to 50% of input levels. 

Rt = 50 ft 

Cl < 5.0 pF (including jig and stray capacitance) 

Delay should be derated 30 ps/pF for capacitive load up to 50 pF 
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MCM10144 


FIGURE 2 - CHIP SELECT ACCESS TIME 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MCM10145 


64-BIT REGISTER FILE 
(RAM) 

The MCM10145 is a 64-Bit RAM organized as a 16 x 4 array. 
This organization and the high speed make the MCMl 0145 particu- 
larly useful in register file or small scratch pad applications. Fully 
decoded inputs, together with a chip e nable, provide expansion 
of memory capacity. The Write Enable input, when low, allows 
data to be entered; when high, disables the data inputs. The Chip 
Select input when low, allows full functional operation of the 
device; when high, all outputs go to a low logic state. The Chip 
Select, together with open emitter outputs allow full wire-0 Ring 
and data bussing capability. On-chip input pulldown resistors 
allow unused inputs to remain open. 

• Typical Address Access Time = 10 ns 

• Typical Chip Select Access Time = 4.5 ns 

• Operating Temperature Range = 0° to +75°C 

• 50 k^2 Pulldown Resistors on All Iriputs 

• Fully Compatible with MECL 10,000 

• Pin-for-Pin Compatible with the FI 0145 


64-BIT REGISTER 
FILE 
(RAM) 




L SUFFIX 

CERAMIC PACKAGE 
CASE 620 


PIN ASSIGNMENT 


Vcc (Gnd) 
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MCM10145 


FUNCTIONAL DESCRIPTION: 

The MCM10145 is a 16 word x 4-bit RAM. Bit selec- 
tion is achieved by means of a 4-bit address AO thru A3. 

The active-low chip select allows memory expansion up 
to 32 words. The fast chip select access time allows 
memory expansion without affecting system performance. 


The operating mode of the RAM (CS input low) is 
controlled by the WE input. With WE low the chip is 
in the write mode— the output is low and the data present 
at Dn is stored at the selected address. With WE high the 
chip is in the read mode— the data state at the selected 
memory location is presented non-inverted at Qp. 


ABSOLUTE MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage (Vqc ~ 0) 

< 

m 

m 

-8 to 0 

Vdc 

Base Input Voltage (Vcc = 0) 

Vin 

0 to VgE 

Vdc 

Output Source Current — Continuous 
- Surge 

•o 

< 50 

< 100 

mAdc 

Junction Operating Temperature 

Tj 

< 165 

°C 

Storage Temperature Range 

^stg 

-55 to -^1 50 

°C 


Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 



DC TEST VOLTAGE VALUES 
(Volts) 

Test 

Temperature 

ViHmax 

V|Lmin 

ViHAmin 

ViLAmax 

Vee 

0°C 

-0.840 

-1.870 

-1.145 

-1.490 

-5.2 

+25°C 

-0.810 

-1.850 

-1.105 

-1.475 

-5.2 

+75°C 

-0.720 

-1.830 

-1 .045 

-1 .450 

-5.2 


ELECTRICAL CHARACTERISTICS 

Each MECL Memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the test table, after thermal equi- 
librium has been established. The circuit 
is in a test socket or mounted on a printed 
circuit board and transverse air flow greater 
than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor 
to -2.0 volts. 


DC Characteristics 

Symbol 

MCM10145 Test Limits 

Unit 

Conditions 

QOC 

+ 25 OC 

+ 75 OC 

Min 

Max 

Min 

Max 

Min 

Max 

Power Supply Drain Current 

'EE 


130 


125 


120 

mAdc 

Typ IgE @25°C =90 mA 

All outputs and inputs open. 
Measure pin 8. 

Input Current High 

linH 


220 


220 


220 

MAdc 

Test one input at a time, all 
other inputs are open. 

V,n= V,H. 

Input Current Low 

linl- 

0.5 


0.5 


0.3 


MAdc 

Test one input at a time, all 
other inputs are open. 

Vin = V,L. 

Logic "1 " 

Output Voltage 

Vqh 

-1.000 

-0.840 

-0.960 

-0.810 

-0.900 

-0.720 

Vdc 

Load 50 n to -2.0 V 

Logic "0" 

Output Voltage 

VOL 

-1.870 

-1.665 

-1.850 

-1 .650 

-1 .830 

-1.625 

Vdc 

Logic ”1 '' 

Threshold Voltage 

Vqha 

-1 ,020 

- 

-0.980 

- 

-0.920 

- 

Vdc 

Threshold testing is performed 
and guaranteed on one input at 
a time. Vjp = ViHAor V|LA- 
Load 50 n to -2.0 V. 

Logic ''O'' 

Threshold Voltage 

VqLA 

- 

-1.645 

- 

-1 .630 

- 

-1 .605 

Vdc 
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MCM10146 


SWITCHING CHARACTERISTICS (Ta = 0° to +75°C, VgE 5.2 Vdc ±5°; Output Load see Figure 1; see Note 2.) 





test Limits 



Characteristic 

Symbol 


■291 


Unit 

Conditions 

Read Mode 

Chip Select Access Time 

'ACS 


4.5 

8.0 

ns 

See Figures 2 and 3. 

Measured from 50% of input to 50% of 

Chip Select Recovery Time 

tRCS 


5.0 

8.0 

ns 

output. See Note 1 . 

Address Access Time 

tAA 

4.0 

10 

15 

ns 


Write Mode 




■IHI 



Write Pulse Width 

tw 

8.0 

- 


ns 

tWSA = 5 ns 

Data Setup Time Prior to Write 

tWSD 

0 

-6.0 


ns 

Measured at 50% of input to 50% of 

Data Hold Time After Write 

IWHD 

3.0 

0 


ns 

output. 

Address Setup Time Prior to Write 

tWSA 

5.0 

1.0 


ns 

tw =» 8 ns. See Figure 4. 

Address Hold Time After Write 

tWHA 

1.0 

-3.0 


ns 


Chip Select Setup Time Prior to Write 

twscs 

0 

-5.0 


ns 


Chip Select Hold Time After Write 

iWHCS 

0 

-6.0 


ns 


Write Disable Time 

tws 

2.0 

5.0 

8.0 

ns 


Write Recovery Time 

fWR 

2.0 

5.0 

8.0 

ns 


Chip Enable Strobe Mode 







Data Setup Prior to Chip Select 

tCSD 

0 

-6.0 

- 

ns 

Guaranteed but not tested on standard 

Write Enable Setup Prior to Chip 

tcsw 

0 

-3.0 

- 

ns 

product. See Figure 5. 

Select 







Address Setup Prior to Chip Select 

tCSA 

0 

-3.0 

_ 

ns 


Data Hold Time After Chip Select 

ICHD 

2.0 

-1.0 

- 

ns 


Write Enable Hold Time After Chip 

tCHW 

0 

-6.0 

- 

ns 


Select 






Address Hold Time After Chip Select 

ICHA 

4.0 

-1.0 


ns 


Chip Select Minimum Pulse Width 

tcs 


12 

- 

ns 


Rise and Fall Time 

Address to Output 

tr^tf 

1.5 

3.0 

7.0 

ns 

Measured between 20% and 80% points. 

CS to Output 

tr^tf 

1.5 

3.0 

5.0 

ns 

j 


Capacitance 







Input Capacitance 

Cin 

- 

4.0 

6.0 

pF 


Output Capacitance 

Cout 

- 

5.0 

8.0 

pF 



Notes: 

1 . The maximum Address Access Time is guaranteed to be the worst-case bit in the memory. 

2. For proper use of MECL Memories in a system environment, consult MECL System Design Handbook. 


vcc 

9 


FIGURE 1 - SWITCHING TIME TEST CIRCUIT 




1 


0.1 MF 


n 


Input Pulse 

= tf = 2.0 ± 0.2 ns 
(20 to 80%) 


V|H = -0.9 V 
V|L = -1.7 V 


1 


o 

m 

D 

o 


AU 


A1 

1 

A2 

1 O 



A3 

1 \ 

DO 


Q2 

1 O 

■ D1 

1 

■ D2 


■ D3 , 1. Q3 
WE 

1 


T 


> °- 


BtJ 


T 

I 


I 

z 


0.01 mF 


Unused outputs connected to a 50-ohm resistor to ground. 

All timing measurements referenced to 50% of input levels. 6 Vee 

Rx = 50 n 

Cl < 5.0 pF (Including Jig and Stray Capacitance) 

Delay should be derated 30 ps/pF for capacitive loads up to 50 pF. 
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FIGURE 2 - CHIP SELECT ACCESS TIME FIGURE 3 - ADDRESS ACCESS TIME 
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MOTOROLA 

H SEMICONDUCTOR 

TECHNICAL DATA 


MCIVI10146 



1024 X 1-BIT RANDOM ACCESS MEMORY 

The MCM10146 is a 1024-bit Read/Write Random Access Mem- 
ory organized 1024 words by 1 bit. Data is selected or stored by 
means of a 10-bit address (AO through A9) decoded on the chip. 
The chip is designed with a separate data in line, a non-inverting 
data output, and an active-low chip select. 

This device is designed for use in high-speed scratch pad, con- 
trol, cache and buffer storage applications. 

• Fully Compatible with MECL 10,000 

• Temperature Range of 0° to 75°C (see note 1) 

• Emitter-Follower Output Permits Full Wire-ORing (see note 3) 

• Power Dissipation Decreases with Increasing Temperature 

• Typical Address Access of 24 ns 

• Typical Chip Select Access of 4.0 ns 

PIN DESIGNATION 


CS 

Chip Select Input 

AO to A9 

Address Inputs 

Din 

Data Inputs 

Dout 

Data Output 

WE 

Write Enable Input 


BLOCK DIAGRAM 


Dout CS 



A5 A6 A7 AS A9 


MECL 

1024 X 1-BIT 
RANDOM ACCESS 
MEMORY 



L SUFFIX 

CERAMIC PACKAGE 
CASE 620 

ORDERING INFORMATION 

Suffix Denotes 

MCM10146 — L Ceramic Dual-!n-Line Package 

— F Ceramic Flat Package 


PIN ASSIGNMENT 



TRUTH TABLE 



INPUT 1 

OUTPUT 1 



WE 

I2QI 


Write ”0" 

L 

L 

L 

L 

Write "1" 

L 

L 

H 

L 

Read 

L 

H 

0 

Q 

Disabled 

H 

> 

0 

L 


0 = Don't Care. 
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MCM10146 


FUNCTIONAL DESCRIPTION: 

This device is a 1024 x 1-bit RAM. Bit selection is achieved by 
means of a 10-bit address, AO to A9. 

The active-low chip select is provided for memory expansion up 
to 2048 words. 

The operating mode of the RAM (CS input low) is controlled by 
the WE input. With WE low, the chip is in the write mode, the out- 
put, Dq^^, is low and the data state present at Djp is stored at the 
selected address. With WE high, the chip is in the read mode and the 
data stored at the selected memory location will be presented non- 
inverted at (See Truth Table) 


ABSOLUTE MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage (V^c “ 0) 

< 

m 

m 

-8 to 0 

Vdc 

Base Input Voltage (Vcc == 0) 

^in 

0 to V^E 

Vdc 

Output Source Current — Continuous 
- Surge 

'o 

< 50 

< 100 

mAdc 

JunctioPuOperating Temperature 

Tj 

< 165 

OC 

Storage Temperature Range 

^stg 

-55 to +1 50 

OC 



DC TEST VOLTAGE VALUES 
(Volts) 

Test 

Temperature 

V|Hmax 

V|Lmin 

ViHAmin 

'^ILAmax 

< 

m 

m 

0°C 

-0.840 

-1.870 

-1.145 

-1 .490 

-5.2 

+25°C 

-0.810 

-1.850 

-1.105 

-1.475 

-5.2 

+75°C 

-0.720 

-1 .830 

-1 .045 

-1.450 

-5.2 


ELECTRICAL CHARACTERISTICS 

Each MECL Memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the test table, after thermal equi- 
librium has been established. The circuit 
is in a test socket or mounted on a printed 
circuit board and transverse air flow greater 
than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor 
to -2.0 volts. 


DC Characteristics 

Symbol 

MCM10146 Test Limits 

Unit 

Conditions 

O^C 

-H25®C 

+ 75 OC 

Min 

Max 

Min 

Max 

Min 

Max 

Power Supply Drain Current 

'EE 


150 


145 


125 

mAdc 

Typ Iee @ 25®C = 100 mA 

All outputs and inputs open. 
Measure pin 8. 

Input Current High 

*in^ 


220 


220 

■ 

220 

MAdc 

Test one input at a time, all 
other inputs are open. 

Vin= V|H. 

Input Current Low 

*in*- 

0.5 


0.5 


0.3 


MAdc 

Test one input at a time, all 
other inputs are open. 

Vin = V|L. 

Logic "1 '' 

Output Voltage 

Vqh 

-1.000 

-0.840 

-0.960 

-0.810 

-0.900 

-0.720 

Vdc 

Load 50 SI to -2.0 V 

Logic "0” 

Output Voltage 

\^OL 

-1.920 

-1.665 

-1.900 

-1 .650 

-1.880 

-1.625 

Vdc 

Logic ”1 '' 

Threshold Voltage 

Vqha 

-1 .020 


-0.980 

■ - 

-0.920 

- 

Vdc 

Threshold testing is performed 
and guaranteed on one input at 
atime. Vjn = ViHAor V|LA- 
Load 50 n to -2.0 V. 

Logic "0" 

Threshold Voltage 

Vqla 

- 

-1 .645 

- 

-1 .630 

- 

-1 .605 

Vdc 

1 
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MCM10146 


FIGURE 1 - SWITCHING TEST CIRCUIT AND WAVEFORMS 


TESTING CONDITIONS 



INPUT LEVELS 


INPUT LEVELS 






80% 

20% 


- = tf = 2.6 ns T VP. • — 

All Timing Measurements Referenced to 50% of Input Levels 
Cl < 5.0 pF Including Jig and Stray Capacitance 
Rt * 50 n 

For Capacitance Loading < 50 pF, Delay Should be 
Derated by 30 ps/pF 


Guaranteed with Vee = -5.2 Vdc ± 5.0%, T/^ = 0°C to 75°C (see Note 1). Output Load see Figure 1. 




MCM10146 Test Limits 



Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Read Mode 

Chip Select Access Time 

^ACS 

2.0 

4.0 

7.0 

ns 

See Figures 2 and 3. 

Measured at 50% of input to 50% of output. 

Chip Select Recovery Time 

tRCS 

2.0 

4.0 

7.0 

ns 

See Note 2. 

Address Access Time 

tAA 

8.0 

24 

29 

ns 


Write Mode 

Write Pulse Width 

— 

tw 

25 

20 


ns 

See Figure 4. 
fWSA = 8.0 ns. 

(To guarantee writing) 

Data Setup Time Prior to Write 

tWSD 

5.0 

0 

_ 

ns 

Measured at 50% of input to 50% of output. 

Data Hold Time After Write 

tWHD 

5.0 

0 

- 

ns 


Address Setup Time Prior to Write 

tWSA 

8.0 

0 

- 

ns 

ty/v = 25 ns 

Address Hold Time After Write 

tWHA 

2.0 

0 

• - 

ns 


Chip Select Setup Time Prior to Write 

twscs 

5.0 

0 

- 

ns 


Chip Select Hold Time After Write . 

tWHCS 

5.0 

0 

- 

ns 


Write Disable Time 

tws 

2.8 

5.0 

7.0 

ns 


Write Recovery Time 

tWR 

2.8 

5.0 

7.0 

ns 


Rise and Fall Time 

Output Rise and Fall Time 

tr.tf 

1.5 

2.5 

4.0 

ns 

Measured between 20% and 80% points. 

When driven from CS or WE inputs. 

Output Rise and Fall Time 

tr.tf 

1.5 

4.0 

8.0 

ns 

When driven from Address inputs. 

Capacitance 

Input Lead Capacitance 

Cin 


4.0 

5.0 

pF 

Measured with a pulse technique. 

Output Lead Capacitance 

Cput 

- 

7.0 

8.0 

pF 



Notes: 

(1 ) Contact your Motorola Sales Representative for details if extended temperature operation is desired. 

(2) The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 

(3) For proper use of MECL Memories in a system environment, consult: "MECL System Design Handbook.” 

(4) Typical limits are at Vee “5.2 Vdc, T/\ = 25°C and standard loading. 
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FIGURE 2 - CHIP SELECT ACCESS TIME 



FIGURE 3 - ADDRESS ACCESS TIME 



FIGURE 4 - WRITE STROBE MODE 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


IVICIVI10147 


128 X 1-BIT RANDOM ACCESS MEMORY 

The MCM10147 is a 1 28-word x 1-bit Read/Write Random Access 
Memory. Data is accessed or stored by means of a 7-bit address 
decoded on chip. It has a non-inverting data out, a separate data in 
line and 2 active-low chip select lines. It has a typical access time 
of 10 ns and is designed for high-speed scratch pads, control, cache, 
and buffer storage applications. 

• Typical Address Access Time = 10 ns 

• Typical Chip Select Access Time = 5.0 ns 

• Operating Temperature Range = 0° to -i-75°C 

• Open Emitter Output Permits Wired-OR for Easy Memory 

Expansion 

• 50 Input Pulldown Resistors on All Inputs 

• Power Dissipation Decreases with Increasing Temperature 

• Fully Compatible with MECL 10,000 Logic Family 

• Similar to F10405. 
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MCM10147 


FUNCTIONAL DESCRIPTION: 

The MCM 10147 is a 128 word x 1-bit RAM. Bit selec- 
tion is achieved by means of a 7-bit address AO thru A6. 

The active-low chip select allows memory expansion up 
to 512 words. The fast chip select access time allows 
memory ejipansion without affecting system performance. 


The operating mode of the RAM (CS inputs low) is 
controlled by the WE input. With WE low the chip is 
in the write mode— the output is low and the data present 
at Din is stored at the selected address. With WE high the 
chip is in the read mode— the data state at the selected 
memory location is presented non-inverted at Dq^^. 


ABSOLUTE MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage (V^c = 0) 

< 

m 

m 

-8 to 0 

Vdc 

Base Input Voltage (Vcc = 

Vin 

0 to Vee 

Vdc 

Output Source Current - Continuous 
- Surge 

*0 

< 50 

< 100 

mAdc 

Junction Operating Temperature 

Tj 

< 165 

°C 

Storage Temperature Range 

^stg 

-55 to +150 

°C 


Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 



DC TEST VOLTAGE VALUES 
(Volts) 

Test 

Temperature 

^IHrnax 

V|Lmin 

ViHAmin 

ViLAmax 

Vee 

0°C 

-0.840 

-1.870 

-1.145 

-1 .490 

-5.2 

+ 25 OC 

-0.810 

-1 .850 

-1.105 

-1.475 

-5.2 

+75°C 

-0.720 

-1 .830 

-1 .045 

.-1.450 

-5.2 


ELECTRICAL CHARACTERISTICS 

Each MECL Memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the test table, after thermal equi- 
librium has been established. The circuit 
is in a test socket or mounted on a printed 
circuit board and transverse air flow greater 
than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor 
to -2.0 volts. 


DC Characteristics 

Symbol 

MCM10144 Test Limits 

Unit 

Conditions 

0®C 

+25®C 

+ 75 OC 

Min 

Max 

Min 

Max 

Min 

Max 

Power Supply Drain Current 

lEE 


105 


100 


95 

mAdc 

Typ Iee @ 25°C = 80 mA 

All outputs and inputs open. 
Measure pin 8. 

Input Current High 

linH 


220 


220 


220 

MAdc 

Test one input at a time, all 
other inputs are open. 

Vin = V,H. 

Input Current Low 

•in'- 

0.5 


0.5 


0.3 


MAdc 

1 

Test one input at a time, all 
other inputs are open. 

Vin = V|L- 

Logic "1 '' 

Output Voltage 

VOH 

-1 .000 

-0.840 

-0.960 

-0.810 

-0.900 

-0.720 

Vdc 

Load 50 n to -2.0 V 

Logic "O'* 

Output Voltage 

VOL 

-1 .870 

-1.665 

-1.850 

-1 .650 

-1 .830 

-1.625 

Vdc 

Logic "1 " 

Threshold Voltage 

VOHA 

-1 .020 

- 

-0.980 

- 

-0.920 

- 

Vdc 

Threshold testing is performed 
and guaranteed on one input at 
a time. Vjn = V|ha or V|la- 
Load 50 n to -2.0 V. 

Logic "0" 

Threshold Voltage 

VOLA 

- 

-1.645 

- 

-1 .630 

- 

-1 .605 

Vdc 


MOTOROLA MEMORY DATA 


7-33 
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SWITCHING CHARACTERISTICS (T/y ° 0° to t7S°C. Vge = -S.2 Vdc ± 5%; Output Load see Figure 1 ; see Note 1 & 3.) 




Test Limits 



Characteristic 

Symbol 

Min 

EB9 

Max 

Unit 

Conditions 

Read Mode 

Chip Select Access Time 

tACS 

2.0 

5.0 

8.0 

ns 

See Figures 2 and 3. 

Measured from 50% of input to 50% of 

Chip Select Recovery Time 

tRCS 

2.0 

5.0 

8.0 

ns 

output. See Note 2. 

Address Access Time 

^AA 

5.0 

10 

15 

ns 


Write Mode 







Write Pulse Width 

tw 

8.0 

6.0 

- 

ns 

tWSA = 4 0 ns 

Data Setup Time Prior to Write 

^WSD 

1.0 

-5.0 

- 

ns 


Data Hold Time After Write 

tWHD 

3.0 

-2.0 

- 

ns 


Address Setup Time Prior to Write 

tWSA 

4.0 

0 

- 

ns 

tyv = 8.0 ns. See Figure 4. 

Address Hold Time After Write 

tWHA 

3.0 

0 

- 

ns 

Chip Select Setup Time Prior to Write 

twscs 

1.0 

-5.0 

- 

ns 


Chip Select Hold Time After Write 

tWHCS 

1.0 

-5.0 

- 

ns 


Write Disable Time 

^WS 

2.0 

5.0 

8.0 

ns 

Measured at 50% of input to 50% 

Write Recovery Time 

tWR 

2.0 

5.0 

8.0 

ns 

of output. 

Rise and Fall Time 

Output Rise and Fall Time 

tr.tf 

1.5 

3.0 

5.0 

ns 

Measured between 20% and 80% points. 

Capacitance 







Input Capacitance 

Cin 

- 

4.0 

5.0 

pF 


Output Capacitance 

Gout 

- 

7.0 

8.0 

pF 



Notes: (1 ) Contact your Motorola Sales Representative for details if extended temperature operation is desired. 

(2) The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 

(3) For proper use of MECL Memories in a system environment, consult: “MECL System Design Handbook.” 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT 



Vcci = Vcc 2 = Gnd 


T 

1 16 

I ‘ 1 



INPUT LEVELS 



tr = tf = 2.0 ns typ. 


All timing measurements referenced to 50% of input levels. 

Rj = 50 n 

Cl 5.0 pF (including jig and stray capacitance) 

Delay should be derated 30 ps/pF for capacitive load up to 50 pF 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MCIVI10148 



64 X 1 BIT RANDOM ACCESS MEMORY 

The MCM10148 is a fast 64-word X 1 -bit RAM. Bit selection 
is achieved by means of a 6-bit address, AO through A5. 

The active-low chip selects and fast chip select access time 
allow easy memory expansion up to 256 words without affect- 
ing system performance. The operating mode (CS inputs low) 
is controlled by the WE Input. With WE low the chip is in the 
write mode— the output is low and the data present at Djn is 
stored at the selected address. With WE high the chip is In the 
read mode — the data state at the selected memory location is 
presented non-inverted at Dout- 

• Typical Address Access Time of 10 ns 

• Typical Chip Select Access Time of 4.0 ns 

• 50 kO Input Pulldown Resistors on All Inputs 

• Power Dissipation (420 mW typ @ 25°C) Decreases with 
Increasing Temperature 

• 50 kn Input Pulldown Resistors (420 mW typ) on All Inputs 


BLOCK DIAGRAM 


Dout CS1 CS2 



A3 A4 A5 


MECL 

64 X 1-BIT 

RANDOM ACCESS MEMORY 



L SUFFIX 

CERAMIC PACKAGE 
CASE 620 


PIN ASSIGNMENT 

vcciC 

1 

16 

□ VCC2 

AOd 

2 

15 

Z1 Dout 

AlC 

3 

14 

□ n.c. 

CSTC 

4 

13 

Z] Djn 

CS2Q; 

5 

12 

□ We 

A2[I 

6 

11 

□ n.c. 

A3[Z 

7 

10 

□ A5 

VeeC 

8 

9 

□ A4 

PIN NOTATION 

CS 


Chip Select Input 

AO thru A6 

Address Inputs 

^in 


Data Input 



Data Output 

WE 


Write Enable Input 


TRUTH TABLE 


MODE 

INPUT 

OUTPUT 




KH 


Write "0" 

L 

L 

L 

L 

Write "1" 

L 

L 

H 

L 

Read 

L 

H 

X 

X 


H 

X 

X 

L 


♦CS = CS1 + CS2 
X = Don't Care 
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MCM10148 


ELECTRICAL CHARACTERISTICS 


Characteristics 

Symbol 

0°C 

+2B°C 

+76°C 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

Power Supply Drain Current 

iEE 

— 

105 

— 

100 

— 

95 

mAdc 

Input Current High 

•inH 

- 

220 

- 

220 

- 

220 

juAdc 


-55°C and +1 25°C test values apply to MClOSxx devices only. 


SWITCHING CHARACTERISTICS (Note 1) 


Characteristics 

Symbol 

MCM10148 

Unit 

Conditions 

TA = 0to+75°C, 

VEE = -5.2Vdc ±5% 

Min 

Max 

Read Mode 




ns 

Measured from 50% of 

Chip Select Access Time 

lACS 

— 

7.5 


input to 50% of output. 

Chip Select Recovery Time 

tRCS 

— 

7.5 


See Note 2. 

Address Access time 

tAA 

— 

15 



Write Mode 




ns 

tWSA=5.0ns 

Write Pulse Width 

tw 

8.0 

— 


Measured at 50% of input 

Data Setup Time Prior to Write 

tWSD 

3.0 

— 


to 50% of output. 

Data Hold Time After Write 

IWHD 

2.0 

— 


tvy = 8.0 ns. 

Address Setup Time Prior to Write 

tWSA 

5.0 

— 



Address Hold Time After Write 

tWHA 

3.0 

— 



Chip Select Setup Time Prior to Write 

iwscs 

3.0 

— 



Chip Select Hold Time After Write 

tWHCS 

0 

— 



Write Disable Time 

iws 

2.0 

7.5 



Write Recovery Time 

tWR 

2.0 

7.5 



Rise and Fall Time 

tptf 

1.5 

5.0 

ns 

Measured between 20% 






and 80% points. 

Capacitance 




pF 

Measured with a pulse 

Input Capacitance 

Cin 

— 

5.0 


technique. 

Output Capacitance 

Cout 

— 

8.0 




NOTES: 1. Test circuit characteristics: Rt= 50n, MCM10148. 

C|_^ 5.0 pF (including jig and stray capacitance) 

Delay should be derated 30 ps/pF for capacitive load up to 50 pF. 

2. The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 

3. For proper use of MECL Memories in a system environment, consult MECL System Design Handbook. 
*To be determined; contact your Motorola representative for up-to-date information. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MCM10149n0 



256 X 4-BIT PROGRAMMABLE 
READ-ONLY MEMORY 


MECL 


This device is a 256-word x 4-bit field programmable 
read only memory (PROM). Prior to programming, all 
stored bits are at logic 1 (high) levels. The logic state of 
each bit can then be changed by on-chip programming 
circuitry. The memory has a single negative logic chip 
enable. When the chip is disabled (CS = high), all outputs 
are forced to a logic 0 (low). 


• Typical Address Access Time of 7.0 ns 

• Typical ChipSelect AccessTimeof 2.5 ns 

• 50 kn Input Pulldown Resistors on All Inputs 

• Power Dissipation (740 mW typ (w 25°C) 
Decreases with Increasing Temperature 


1024-BIT PROGRAMMABLE 
READ-ONLY MEMORY 



L SUFFIX 

CERAMIC PACKAGE 
CASE 620 



PIN ASSIGNMENT 
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MCM10149«10 


ELECTRICAL CHARACTERISTICS® 


Characteristic 

Symbol 

0°C 

+ 25®C 

+75®C 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

Power Supply Dram Current 

'EE 

- 

175 

- 

170 

- 

165 

mAdc 

Input Current High 

linH 

- 

265 

- 

265 

- 

265 

/uAdc 


Forcing 

Function 

Parameter 

0°C 

25°C® 

75°C® 

y 

''iHmax 

^OHmax 

-0.840 

-0.810 

-0.720 


^OHmin 

-1.000 

-0.960 

-0.900 


^OHAmin 

-1.020 

-0.980 

-0.920 

^IHAmin 


-1.130 

-1.105 

-1.045 

^ILAmax 


-1.490 

-1.475 

-1.450 


^OLAmax 

-1.645 

-1.630 

-1.605 


^OLmax 

-1.665 

-1.650 

-1.625 

^ILmin 

= . 

OLmin 

-1.870 

-1.850 

-1.830 

^ILmin 

'n Lmin 

0.5 

0.5 

0.3 


NOTES: © The MCM10149*10 is designed to meet the dc specifications in the electrical 

characteristics tables after thermal equilibrium has been established. The circuit 
is in a test socket or mounted on a printed circuit board and transverse air flow 
greater than 500 linear FPM is maintained. Outputs are terminated through a 
50 ft resistor to - 2.0 V. 

@ 0-75°C temperature range, 50 ft to -2.0 V. 


SWITCHING CHARACTERISTICS (Note 1) 




Ta 

= 0 to 75X, 





Vee = 

-5.2 Vdc ±5% 



Characteristics 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Read Mode 





ns 

Measured from 50% of input 

Chip Select Access Time 

tACS 

1.0 

3.0 

5.0 


to 50% of output. See Note 1 . 

Chip Select Recovery Time 

tRCS 

1.0 

3.0 

5.0 



Address Access Time 

tAA 

3.0 

7.0 

10 



Rise and Fall Time 

tptf 

1.0 

2.0 

5.0 

ns 

Measured between 20% and 
80% points. 

Capacitance 





pF 

Measured with a pulse 

Input Capacitance 

Cin 

— 

— 

5.0 


technique. 

Output Capacitance 

^out 

— 

— 

8.0 




NOTES: 1. Test circuit characteristics: Rj = 50 ft 

Cl 5.0 pF (including jig and stray capacitance) 

Delay should be derated 30 ps/pF for capacitive load up to 50 pF 

2. The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 

3. For proper use of MECL Memories in a system environment, consult MECL System Design Handbook. 

4. Vqp = Vcc = Gnd for normal operation. 


PROGRAMMING THE MCM10149*10 


During programming of the MCM10149*10, input 
Pins 7, 9, and 10 are addressed with standard MECL 
10K logic levels. However, during programming input 
Pins 2, 3, 4, 5, and 6 are addressed with 0 V ^ V|h ^ 
+ 0.25 V and V^E ^ V|l ^ - 3.0 V. It should be stressed 
that this deviation from standard input levels is 
required only during the programming mode. During 
normal operation, standard MECL 10,000 input levels 
must be used. 

With these requirements met, and with Vqp = Vcc 
= 0 V and Vee = -5.2 V ±5%, the address is set up. 
After a minimum of 100 ns delay, Vcp (pin 1) is ramped 
up to + 10 V ± 0.5 V (total voltage VcP ^ee is now 


15.2 V, + 10 V - [ - 5.2 V]). The rise time of this Vcp 
voltage pulse should be in the 1 - 10 jus range, while 
its pulse width (tyvi) should be greater than 100 /jls but 
less than 1 ms. The Vcp supply current at + 10 V will 
be approximately 525 mA while current drain from Vcc 
will be approximately 175 mA. A current limit should 
therefore be set on both of these supplies. The current 
limit on the Vcp supply should be set at 700 mA while 
the Vcc supply should be limited to 250 mA. It should 
be noted that the Vee supply must be capable of sinking 
the combined current of the Vcc 3'^^ Vcp supplies while 
maintaining a voltage of -5.2 V ±5%. 
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MCM10148*10 



Coincident with, or at some delay after the V^p pulse 
has reached its 100% level, the desired bit to be fused 
can be selected. This is done by taking the correspond- 
ing output pin to a voltage of -f-2.85 V ±5%. It Is to be 
noted that only one bit is to be fused at a time. The 
other three unselected outputs should remain termi- 
nated through their 50 ohm load resistor to -2.0 V. 
Current into the selected output is 5 mA maximum. 

After the bit select pulse has been applied to the 
appropriate output, the fusing current is sourced out 
of the chip select pin 13. The 0% to 100% rise time of 




PROGRAMMING SPECIFICATIONS 

The following timing diagrams and fusing informa- 
tion represent programming specifications for the 
MCM10149*10. 


Vcc = Pin 16 = 0 V 

VEE = Pin 8 = -5.2 V ± 5% 


Vcp = Pin 1 


trl 



+ 10 V 
±0.5 V 
0 V 



The timing diagram is shown for programming 
one bit. Note that only one bit is blown at a time. 
All addressing must be done 100 ns prior to the 
beginning of the Vqp pulse, i.e., = 0 V. 

Likewise, strobing of the outputs to determine 
success in programming should occur no sooner 
than 100 ns after Vqp returns to 0 V. 

Note that the fusing current is defined as 
a positive current out of the chip select, pin 13. 
A programming duty cycle of < 15% is to be 
observed. 

V 


this current pulse should be 250 ns max. It pulse width 
should be greater than 100 /xs. Pulse magnitude is 
50 mA ±5.0 mA. The voltage clamp on this current 
source is to be -6.0 V. 

After the fusing current source has returned to 0 mA, 
the bit select pulse is returned to its Initial level, I.e., the 
output Is returned through Its load to - 2.0 V. Thereafter, 
Vcp is returned to 0 V. Strobing of the outputs to deter- 
mine success in programming should occur no sooner 
than 1 00 ns after Vqp has returned to 0 V. The remaining 
bits are programmed in a similar fashion. 

i* NOTE; For devices that program incorrectly, return serialized 
units with individual truth tables. Non compliance voids 
warranty. 



Definitions and values of timing symbols are as 
follows. 


Symbol 

Definition 

Value 

Vi 

Rise Time, 

Programming Voltage 

1 JUS 

^w1 

Pulse Width, 
Programming Voltage 

^ 100 JUS < 1 1 

^D1 

Delay Time, 

Programming Voltage 
Pulse to Bit 

Select Pulse 

^ 0 

^w2 

Pulse Width, Bit Select 

> 100 JUS 

^D2 

Delay Time, Bit Select 
Pulse to Programming 
Voltage Pulse 

> 0 

^D3 

Delay Time, Bit Select 
Pulse to Programming 
Current Pulse 

> 1 JUS 

V3 

Rise Time, Programming 
Current Pulse 

250 ns max 

^w3 

Pulse Width, 
Programming 

Current Pulse 

> 100 JUS 

^D4 

Delay Time, 

Programming Current 
Pulse to Bit 

Select Pulse 

> 1 JUS 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MCM10149*25 


256 X 4-BIT PROGRAMMABLE 
READ-ONLY MEMORY 


This device is a 256-word x 4-bit field programmable 
read only memory (PROM). Prior to programming, all 
stored bits are at logic 1 (high) levels. The logic state of 
each bit can then be changed by on-chip programming 
circuitry. The memory has a single negative logic chip 
enable. When the chip is disabled (^ = high), all outputs 
are forced to a logic 0 (low). 


• Typical Address Access Time of 20 ns 

• Typical Chip Select Access Time ot 8.0 ns 

• 50 kO Input Pulldown Resistors on All Inputs 

• Power Dissipation (540 mW typ @ 25°C) 
Decreases with Increasing Temperature 


PIN ASSIGNMENT 


VCP 

A1 

A2 

AO 

A6 

A5 

A7 

Vee 



A1 

A2 

AO 

A6 

A5 



MECL 

1024-BIT PROGRAMMABLE 
READ-ONLY MEMORY 
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MCM10149*25 


ELECTRICAL CHARACTERISTICS 


Characteristic 

Symbol 

0°C 


+ 75 OC 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

Power Supply Dram Current 

lEE 

- 

155 

- 

150 

- 

145 

mAdc 

Input Current High 

ImH 

- 

265 

- 

265 

- 

26b 

juAdc 


55°C and +125°C test values apply to MClOSxx devices only 


Forcing 

Function 

Parameter 

0°C 

25°C® 

75°C® 

^IHmax 

^OHmax 

-0.840 

-0.810 

-0.720 


^OHmin 

-1.000 

-0.960 

-0.900 


'^OHAmin 

-1.020 

-0.980 

-0.920 

'^IHAmin 


-1.130 

-1.105 

-1.045 

^ILAmax 


-1.490 

-1.475 

-1.450 


^OLAmax 

-1.645 

-1.630 

-1.605 


^OLmax 

-1.665 

-1.650 

-1.625 

^ILmin 

= V 

OLmin 

-1.870 

-1.850 

-1.830 

^ILmin 

*N Lmin 

0.5 

0.5 

0.3 


NOTES: 0 0-75°C temperature range, SOfl to -2.0V. 


SWITCHING CHARACTERISTICS (Note 1) 


Characteristics 

Symbol 

MCM 101 49*25 

Unit 

Conditions 

Ta = Oto -F75X, 

Vee = -5.2 Vdc ±5% 

Min 

Max 

Read Mode 




ns 

Measured from 50% of input 

Chip Select Access Time 

tACS 

2.0 

10 


to 50% of output. See Note 1. 

Chip Select Recovery Time 

tRCS 

2.0 

10 



Address Access Time 

tAA 

7.0 

25 



Rise and Fall Time 

tptf 

1.5 

7.0 

ns 

Measured between 20% and 






80% points. 

Capacitance 




pF 

Measured with a pulse 

Input Capacitance 

Qn 

— 

5.0 


technique. 

Output Capacitance 

^out 

— 

8.0 




NOTES: 1. Test circuit characteristics: R-f = 50 n, MCM10149; 

Cl < 5.0 pF (including jig and stray capacitance) 

Delay should be derated 30 ps/pF for capacitive load up to 50 pF 

2. The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 

3. For proper use of MECL Memories in a system environment, consult MECL System Design Handbook. 

4. Vqp = Vqc “ normal operation. 

*To be determined, contact your Motorola representative for up-to-date information. 

PROGRAMMING THE MCM10149 t 


During programming of the MCM 10149, input pins 7, 
9, and 10 are addressed with standard MECL 10K logic 
levels. However, during programming input pins 2, 3, 4, 
5, and 6 are addressed with 0 V ^ Vn_j + 0.25 V and 
VeE ^IL ^ should be stressed that this 

deviation from standard input levels is required only during 
the programming mode. During normal operation, standard 
MECL 10,000 input levels must be used. 

With these requirements met, and with V^p = Vqq = 


0 V and = — 5.2 V ± 5%, the address is set up. After 
a minimum of 100 ns delay, Vqp (pin 1) is ramped up to 
+ 12 V ± 0.5 V (total voltage Vqp to V^^ is now 17.2 V, 
+ 12 V — [ — 5.2 V] ). The rise time of this Vqp voltage 
pulse should be in the 1 - 10 /is range, while its pulse 
width (%i) should be greater than 100 /is but less than 

1 ms. The Vqp supply current at + 12 V will be approx- 
imately 525 mA while current drain from Vqq will be ap- 
proximately 175 mA. A current limit should therefore be 
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set on both of these supplies. The current limit on the 
Vqp supply should be set at 700 mA while the Vqq sup- 
ply should be limited to 250 mA. It should be noted 
that the supply must be capable of sinking the 

combined current of the Vqq and V^p supplies while 
maintaining a voltage of - 5.2 V ± 5%. 

Coincident with, or at some delay after the V^p pulse 
has reached its 100% level, the desired bit to be fused can 
be selected. This is done by taking the corresponding out- 
put pin to a voltage of + 2.85 V ± 5%. It is to be noted that 
only one bit is to be fused at a time. The other three un- 
selected outputs should remain terminated through their 
50 ohm load resistor to - 2.0 into the selected 


f 

PROGRAMMING SPECIFICATIONS 

The following timing diagrams and fusing 
information represent programming specifications 
for the MCM10149. 

Vcc - P'H 16 ^0 V 



The timing diagram is shown for programming 
one bit. Note that only one bit is blown at a time. 
All addressing must be done 100 ns prior to the 
beginning of the Vqp pulse, i.e., Vqp = 0 V. 
Likewise, strobing of the outputs to determine 
success in programming should occur no sooner 
than 1 00 ns after Vqp returns to 0 V. 

Note that the fusing current is defined as 
a positive current out of the chip select, pin 13. 
A programming duty cycle of < 15% is to be 
observed. 


After the bit select pulse has been applied to the ap- 
propriate output, the fusing current is sourced out of the 
chip select pin 13. The 0% to 100% rise time of this cur- 
rent pulse should be 250 ns max. It pulse width should be 
greater than 100 /ts. Pulse magnitude is 50 mA ± 5.0 mA. 
The voltage clamp on this current source is to be — 6.0 V. 

After the fusing current source has returned 0 mA, the 
bit select pulse is returned to it initial level, i.e., the output 
is returned through its load to - 2.0 V. Thereafter, V^p is 
returned to 0 V. Strobing of the outputs to determine suc- 
cess in programming should occur no sooner than 100 ns 
after Vqp has returned to 0 V. The remaining bits are pro- 
grammed in a similar fashion. 

■f NOTE: For devices that program incorrectly, return serialized 
units with individual truth tables. Non compliance voids 
warranty. 



Definitions and values of timing symbols are 
as follows. 

Symbol Definition 

tfi Rise Time, 

Programming Voltage 
tyy/'i Pulse Width, 

Programming Voltage 
tQ-j Delay Time, 

Programming Voltage 
Pulse to Bit 
Select Pulse 

tw 2 Pulse Width, Bit Select 
tD2 Delay Time, Bit Select 
Pulse to Programming 
Voltage Pulse 

tD 3 Delay Time, Bit Select 
Pulse to Programming 
Current Pulse 

tf .3 Rise Time, Programming 250 ns max 
Current Pulse 

tw 3 Pulse Width, > 1 00 Ms 

Programming 
Current Pulse 

t |34 Delay Time, > 1 jus 

Programming Current 
Pulse to Bit 
Select Pulse 


FOR MANUAL PROGRAMMING CIRCUIT, SEE MCM10149*10 


Value 

^ 1 JUS 

> 1 00 JUS < 1 ms 
> 0 

> 100 JUS 
> 0 

> 1 JUS 
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MCM10152 


256 X 1-BIT RANDOM ACCESS MEMORY 

The l\/ICM10152 is a 256 word x 1-bit Read/Write Random 
Access Memory. Data is accessed or stored by means of an 8-bit 
address decoded on chip. It has a non-inverting data out, a separate 
data in line and 3 active-low chip select lines. It has a typical access 
time of 1 1 ns and is designed for high-speed scratch pad, control, 
cache, and buffer storage applications. 

• Typical Address Access Time = 1 1 ns 

• Typical Chip Select Access Time = 4.0 ns 

• Operating Temperature Range = 0° to +75°C 

• Open Emitter Output Permits Wired-OR for Easy Memory 

Expansion 

• 50 kfZ Input Pulldown Resistors on All Inputs 

• Power Dissipation Decreases with Increasing Temperature 

• Fully Compatible with MECL 10,000 Logic Family 


256 X 1-B(T 
RANDOM ACCESS 
MEMORY 
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FUNCTIONAL DESCRIPTION; 

The MCM10152<is a 256 word x 1-bit RAM. Bit selec- 
tion is achieved by means of an 8-bit address AO thru A7. 

The active-low chip select allows memory expansion up 
to 2048 words. The fast chip select access time allows 
memory expansion without affecting system performance. 


The operating mod e of the RAM inputs low) is 
controlled by the WE input. With WE low the chip is 
in the write mode-the output is low and the data present 
at Din Is stored at the selected address. With WE high the 
chip is in the read mode-the data state at the selected 
memory location is presented non-Inverted at Dq^^. 


ABSOLUTE MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage (V^c = 0) 

Vee 

-8 to 0 

Vdc 

Base Input Voltage (Vcc = 01 

^in 

0 to Vee 

Vdc 

Output Source Current - Continuous 
- Surge 

•o 

<50 
< 100 

mAdc 

Junction Operating Temperature 

Tj 

< 165 


Storage Temperature Range 

^stg 

-55 to -H 50 

°C 


Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 



DC TEST VOLTAGE VALUES 
(Volts) 

Test 

Temperature 

V|Hmax 

V|Lmin 

V|HAmin 

ViLAmax 

Vee 

OOC 

-0.840 

-1 .870 

-1.145 

-1 .490 

-5.2 

+25°C 

-0.810 

-1 .850 

-1.105 

-1.475 

-5.2 

+75°C 

-0.720 

-1 .830 

-1 .045 

-1 .450 

-5.2 


ELECTRICAL CHARACTERISTICS 

Each MECL Memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the test table, after thermal equi- 
libriurn has been established. The circuit 
is in a test socket or mounted on a printed 
circuit board and transverse air flow greater 
than 500 linear fpm is maintained. Outputs 
are terminated through a 50-ohm resistor 
to -2.0 volts. 


^ 1 

DC Characteristics 

Symbol 

MCM10152 Test Limits 

Unit 

Conditions 

0®C 

•k25®C 

+ 75 OC 

Min 

Max 

Min 

Max 

Min 

Max 

Power Supply Drain Current. 

‘EE 


135 


130 


125 

mAdc 

Typ Iee @25°C = 110 mA 

All outputs and inputs open. 
Measure pin 8. 

Input Current High 

‘in‘^ 


220 


220 


220 

jLiAdc 

Test one input at a time, all 
other inputs are open. 

Vin= V|H. 

Input Current Low 

' 

‘ini- 

0.5 


0.5 


0.3 


MAdc 

Test one input at a time, all 
other inputs are open. 

Vin = V,L. 

Logic "1 ” 

Output Voltage 

Vqh 

-1.000 

-0.840 

-0.960 

-0.810 

-0.900 

-0.720 

Vdc 

Load 50 n to -2.0 V 

Logic "0" 

Output Voltage 

VOL 

-1.870 

-1.665 

-1.850 

-1 .650 

-1 .830 

-1 .625 

Vdc 

Logic "1” 

Threshold Voltage 

VqHA 

-1 .020 


-0.980 


-0.920 

- 

Vdc 

Threshold testing is performed 
and guaranteed on one input at 
a time. Vjn = ViHAor V|LA- 
Load 50 n to -2.0 V. 

Logic "0" 

Threshold Voltage 

vqla 

- ' 

-1.645 

- 

-1.630 


-1.605 

Vdc 
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SWITCHING CHARACTERISTICS (T^ = 0° to +75®C, = -5.2 Vdc ± 5%; Output Load see Figure 1 ; see Note 1 & 3.) 




Test Limits 



Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Read Mode 

Chip Select Access Time 

tACS 

2.0 

4.0 

7.5 

ns 

See Figures 2 and 3. 

Measured from 50% of input to 50% of 

Chip Select Recovery Time 

tRCS 

2.0 

4.0 

7.5 

ns 

output. See Note 2. 

Address Access Time 

tAA 

7.0 

11 

15 

ns 


Write Mode 







Write Pulse Width 

tw 

10 

6.0 

- 

ns 

tWSA = 5.0 ns 

Data Setup Time Prior to Write 

tWSD 

2.0 

-3.0 

- 

ns 

Measured at 50% of input to 50% of 

Data Hold Time After Write 

^WHD 

2.0 

-2.0 

- 

ns 

output. 

Address Setup Time Prior to Write 

tWSA 

5.0 

3.0 

- 

ns 

tw = 10ns. See Figure 4. 

Address Hold Time After Write 

tWHA 

3.0 

0 

- 

ns 


Chip Select Setup Time Prior to Write 

twscs 

2.0 

-3.0 

- 

ns 


Chip Select Hold Time After Write 

tWHCS 

2.0 

-3.0 

- 

ns 


Write Disable Time 

tws 

2.5 

5.0 

7.5 

ns 


Write Recovery Time 

tWR 

2.5 

5.0 

7.5 

ns 


Rise and Fall Time 

Output Rise and Fall Time 

tr. tf 

1.5 

3.0 

5.0 

ns 

Measured between 20% and 80% points. 

Capacitance 







Input Capacitance 

Cin 

- 

4.0 

5.0 

pF 


Output Capacitance 

Cout 

- 

7.0 

8.0 

pF 



Notes. (1 ) Contact your Motorola Sales Representative for details if extended temperature operation is desired. 

(2) The maximum Address Access Time is guaranteed to be the Worst-Case Bit in the Memory. 

(3) For proper use of MECL Memories in a system environment, consult “MECL System Design Handbook." 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT 


— 1 

1 




1 

V 1 




i 5 

Li 

7 


O- 

O- 

O- 

O- 

O- 

O- 

O- 

O- 


Vcc = Gnd 

L 


.L 


*CS1 CS2 CS3 

Ao 

Al 

A2 
A3 
A4 
A5 
Ae 
A? 


Dout 


Din WE 


14 



-2.0 V 


1 


I 

0.1 


6 -5.2 Vdc 

Vee 


INPUT LEVELS 



tf = tf = 2.0 ns typ. 


All timing measurements referenced to 50% of input levels. 

Rj = 50 n 

Cl ’S 5.0 pF (including jig and stray capacitance) 

Delay should be derated 30 ps/pF for capacitive load up to 50 pF 
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Military Products 

Military 4180 4K x 4 CMOS Cache Tag, 35/45 ns 8-3 

Military 6164 8Kx8 CMOS SRAM, 55/70 ns 8-5 

Military 6168 4Kx 4 CMOS SRAM, 55/70 ns 8-10 

Military 6206 32Kx8 CMOS SRAM, 45/55/70/100 ns 8-15 

Military 6268 4Kx 4 CMOS SRAM, 35/45 ns 8-17 

Military 6287 64Kx 1 CMOS SRAM, 35/45 ns 8-22 

Military 6288 16Kx 4 CMOS SRAM, 35/45 ns 8-27 

Military 93415 1024 x 1 TTL RAM, 60 ns. Open Collector 8-32 

Military 93422, 256 x 4 TTL RAM, 60 ns 8-36 

93L422, 256x4 TTL RAM, 75 ns 8-36 

93L422A 256 x 4 TTL RAM, 55 ns 8-36 

Military 93425 1024 x 1 TTL RAM, 60 ns 8-41 
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CMOS Static RAMs 

( + 5 V, -55 to 125®C) 


Organization 

Part Number 

Access Tima 
(ns max) 

Pins 

4Kx4 

6168-55/ BRAJC 

55 

20 


6168-55/BUAJC 

55 

20 


6168-70/BRAJC 

70 

20 


6168-70/BUAJC 

70 

20 


6268-35/ BRAJC 

35 

20 


6268-35/BUAJC 

35 

20 


6268-45/ BRAJC 

45 

20 


6268-45/ BUAJC 

45 

20 



55 

28 



55 

32 



70 




70 



6288-35/ BXAJC 

35 

22 


6288-35/ BUAJC 

35 

22 


6288-45/ BXAJC 

46 

22 

mm 

6288-45/ BUAJC 

46 

22 

64Kx1 

6287-35/ BXAJC 

35 

22 


6287-35/ BUAJC 

35 

22 


6287-45/BXAJC 

45 

22 


6287-45/ BUAJC 

45 

22 

32Kx8 

6206-45/BXAJC* 

45 

28 


6206-55/ BXAJC* 

56 

28 


6206-70/ BXAJC* 

70 

28 


CMOS Cache Tag RAMs 

( + 5 V, -55 to 125®C) 


Organization 


Access Time 
(ns max) 

Pins 

4Kx4 

4180-35/ BXAJC* 

35 

22 


4180-45/ BXAJC* 

46 

22 


*To be introduced 


TTL RAMs 

( + 5 V, -55 to 125®C) 




Access Time 
(ns max) 

Pins 

256KX4 


60 

22 


93L422/BWAJC 

75 

22 


93L422A/BWAJC 

55 

22 

1024x1 

93415/BEAJC 

46 



93415/BFAJC 

45 



93425/ BEAJC 

46 

mm 


93425/ BFAJC 

46 

,6 


*To be introduced 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Advance Information 

4K X 4 Bit Cache Address Tag 
Comparator 

The 4180 is a 16,384 bit cache address tag comparator organized as 4096 tags 
of 4 bits, fabricated using Motorola's second generation high-performance 
silicon-gate CMOS (HCMOS III) technology. The device integrates a 4K x 4 
SRAM core with an on-board comparator for efficient implementation of a cache 
memory. 

The device has a CLR pin for flash clear of the RAM, useful for system 
initialization. 

The 4180 compares RAM contents with current input data. The result Is either 
an active high match level for a cache hit, or an active low level for a cache 
miss. 

The 4180 is available in 22 lead sidebraze packages. 

• Single 5.0 V ±10% Supply 

• Fast Address to Match Time; 35/45 ns Max 

• Fast Data to Match Time: 15/20 ns Max 

• Fast Read of Tag RAM Conte nts: 35/45 ns Max 

• Flash Clear of the Tag RAM (CLR Pin) 

• Pin and Function Compatible with MK41H80 


BLOCK DIAGRAM 



Military 4180 


MPO 

lll/W 



CASE 677-06 
CERAMIC 


PIN ASSIGNMENT 
SIDEBRAZE 

A4 [ 

1 • 

22 

] 

Vcc 

A5 [ 

2 

21 

] 

A3 

A6 E 

3 

20 

] 

A2 

A7 E 

4 

19 

] 

A1 

A8 E 

5 

18 

] 

AO 

A9 E 

6 

17 

1 


A10 E 

7 

16 

] 

DQ3 

All E 

8 

15 

] 

DQ2 

G E 

9 

14 

] 

DQ1 

w E 

10 

13 

] 

DQO 

Vss E 

11 

12 

] 

MATCH 








PIN NAMES 


A0-A11 Address Inputs 

W Write Enable 

G Output Enable 

CLR Flash Clear Input 

MATCH Match (Hit) Output 

DQ0-DQ3 Data Input/Output 

Vcc +5.0 V Power Supply 

Vss Ground 

NC No Connection 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MILITARY 4180 


TRUTH TABLE 


w 

G 

CLR 

DQ0-DQ3 

Match 

Mode 

H 

H 

H 

Compare Djn 

Valid 

Compare 

L 

X 

H 

Din 

Assert 

Write 

H 

L 

H 

Dout 

Assert 

Read 

X 

X 

L 

High-Z 

Assert 

Clear 


This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any vditage 
higher than maximum rated voltages to 
this high-impedance circuit. 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = 0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Voltage Relative to Vss Any Pin 

Except Vcc 

VinA^out 

-0.5 to Vcc + 0-5 

V 

Output Current Match Output 

I/O Pins, Per I/O 

•out 

40 

20 

mA 

Power Dissipation (Ta = 25°C) 

Pd 

1.0 

W 

Operating Temperature 

Ta 

-55 to +125 

°C 

Storage Temperature 

Tstg 

-65 to +150 

°C 

Temperature Under Bias 

Tbias 

-55 to +125 

°c 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDI- 
TIONS. Exposure to higher than recommended voltages for extended periods of time 
could affect device reliability. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, Ta = -55° to +125°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Referenced to Vss = 0 V) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

- 

Vcc + 0.3 

V 

Input Low Voltage 

V|L 

-0.5* 

- 

0.8 

V 


*V|L (min) = -0.5 Vdc; V|l (min) = -3.0 Vac (pulse width 20 ns). 

DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vjp = 0 to Vcc) 

llkg(l) 

- 

±1.0 

fxA 

Output Leakage Current, Except Match Output (G = V|h, Vout = 0 to Vcc) 

l|kg(0) 

- 

±1.0 

fiA 

AC Supply Current (lout = 0 mA, tAVAV = fAVQV f^ax) 

•cCA 

— 

140* 

mA 

Output Low Voltage (I/O Pins: Iql = 8 0 mA, Match Output: Iql =12 mA) 

VOL 

- 

0.4 

V 

Output High Voltage (I/O Pins: Iqh = ~4.0 mA, Match Output: Iqh = -10 mA) 

VOH 

2.4 

- 

V 


*ICC active current for the clear cycle exceeds this specification. However, this is a transient phenomenon and will not affect the power dissipation of 
the device. Good decoupling of the local power supply should always be used. 


CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, Ta = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Input Capacitance 

Din 

4.0 

5.0 

PF 

I/O Capacitance 

Dout 

5.0 

7.0 

PF 

Match Output Capacitance 

Dmatch 

6.0 

7.0 

pF 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


8K X 8-Bit Fast Static 
Random Access Memory 

The 6164 is a 65,536-bit static random access memory organized as 8192 words 
of 8 bits, fabricated using Motorola's second-generation high-performance silicon- 
gate CMOS (HCMOS III) technology. Static design eliminates the need for external 
clocks or timing strobes, while CMOS circuitry reduces power consumption and 
provides greater reliability. 

The chip enable pins {El and E2) are not clocks. Either pin, when asserted false, 
causes the part to enter a low power standby mode. The part will remain in 
standby mode until both pins are asserted true again. The availability of active 
high and active low chip enable pins provides more system design flexibility than 
single chip enable devices. 

The 6164 is available in a 600 mil, 28-pin ceramic dual-in-line package, and a 
32-terminal ceramic LCCC with JEDEC standard pinout. 

• Single 5 V Supply, ±10% 

• 8K X 8 Organization 

• Fully Static — No Clock or Timing Strobes Necessary 

• Fast Access Time — 55, 70 ns (Maximum) 

• Low Power Dissipation — 660, 495 mW (Maximum, Active) 

• Fully TTL Compatible 

• Three-State Dat^Outputs 

• Output Enable (G) Feature for Increased System Flexibility and to 

Eliminate Bus Contention Problems 


BLOCK DIAGRAM 



Vcc 

Vss 


Military 6164 



PIN ASSIGNMENT 



NC [ 

1 • 

28 

] Vcc 



A12 [ 

2 

27 

] w 



A7 I 

3 

26 

1 E2 



A6C 

4 

25 

] A8 



A5 

5 

24 

] A9 



A4 I 

6 

23 

1 All 



A3E 

7 

22 

] G 



A2 

8 

21 

] A10 



A1 [ 

9 

20 

1E1 



AOC 

10 

19 

] DQ7 



DQO 1 

11 

18 

1 DQ6 



DQ1 [ 

12 

17 

] DQ5 



DQ2 1 

13 

16 

1 DQ4 



vssl 

14 

15 

1 DQ3 



CASE 733-04 




CERAMIC 



CHIP CARRIER 



A7 

A12 

NC 


S S 



'’I.j LJ Li 

1 1 i-j i-j Li^° 


A6 

ms 

2 

Ll 32 31 29 n: 

A8 

A5 

136 



28c:: 

A9 

A4 

137 



27 c: 

All 

A3 

138 



26 c: 

NC 

A2 

139 



25 c: 

OE 

A1 

1310 



24 

A10 

AO 

1311 



23 c: 

CE1 

NC 

1312 



22 c: 

DQ7 

DQO 

1313 15 16 

17 18 19 21 □: 

DQ6 


UH n n 
1 '^1 1 1 1 1 1 

ri n 
Mil 

lliiJ 



b a , 05 
Q Q > 

^ g 

g g 



CASE 766A-01 




CERAMIC 




PIN NAMES 


A0-A12 Address 

W Write Enable 

El, E2 Chip Enable 

G Output Enable 

DQ0-DQ7 Data Input/ Output 

Vcc + 5 V Power Supply 

Vss Ground 

NC No Connection 
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MILITARY 6164 


TRUTH TABLE 


I1 

E2 

G 

w 

Mode 

Supply Current 

I/O Pin 

H 

X 

X 

X 

Not Selected 

■SB 

HEIQH 

X 

L 

X 

X 

Not Selected 

•SB 

■BlIiEBIl 

L 

H 

H 

H 

Output Disabled 

icc 

HighZ 

L 

H 

L 


Read 

'cc 

Dout 

L 

H 

X 

1 

b , 

Write 

Icc 

Din 


X = don't care 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to -f7.0 

V 

Voltage Relative to Vss Any 

Pin Except Vqc 

Vin' Vout 

-0.5 to Vcc + 0-5 

V 

Output Current (per I/O) 

'out 

±20 

mA 

Power Dissipation {Ta = 25°C) 

Pd 

1.0 

W 

Temperature Under Bias 

^bias 

-55 to +125 

°C 

Operating Temperature 

Ta 

-55 to +125 

°C 

Storage Temperature 

Istg 

-65 to + 150 

°C 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5 V ±10%, Ta = -55 to +125°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.5 

V 

Input High Voltage 

V|H 

2.2 

Vcc + 0.3 

V 

Input Low Voltage 

V|L 

-0.3* 

0.8 

V 


*V|L (min) = -0.5 Vdc; V|l (min) = -3 Vac (pulse width ^ 20 ns) 

DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vjn = 0 to Vcc) 

IIL 

— 

2 

fiA 

Output Leakage Current (El = Vih, E2 = Vii_, or G = V||-|, Vout == 0 to Vcc) 

lOZL 

- 

2 

mA 

Operating Supply Current Cycle = Min, Duty = 100% +25, +125°C 

ICCA 

— 

90 

mA 

-55X 


— 

120 


Standby Current (IT = V|h or E2 = V|l) 

ISBI 

— 

2 

mA 

Standby Current (IT 2= Vcc ~ 0.2 V or E2 0.2 V) 

ISB2 

- 

0.9 

mA 

Output Low Voltage (Iql = 8 mA) 

VOL 

- 

0.4 

V 

Output High Voltage (Iqh = mA) 

VOH 

2.4 


V 


CAPACITANCE (f = 1 MHz, Ta == 25°C, sampled at initial device qualification and major redesigns rather than 100% tested) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Input Capacitance 

All Inputs Except DO 

Din 

— 

5 

10 

PF 

Input/Output Capacitance 

DO 

C|/0 

- 

6 

12 

PF 
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MILITARY 6164 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5 V ±10%, Ta = -55 to +125°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3 V Output Load Figure 1 

Input Rise/Fall Time 5 ns 

READ CYCLE (See Note 1) 


Characteristic 

Symbol 

Alt 

Symbol 

6164-55 

6164-70 

Unit 

Notes 

Min 

Max 

Min 

Max 

Read Cycle Time 

tAVAV 

fRC 

55 

- 

70 

- 

ns 


Address Access Time 

tAVQV 

tAA 

- 

55 

— 

70 

ns 


W\ Access Time 

tEILQV 

tACI 

_ 

55 

— 

70 

ns 


E2 Access Time 

tE2HQV 

tAC2 

- 

55 

- 

70 

ns 


G Access Time 

tGLQV 

tOE 

- 

50 

- 

50 

ns 


Chip Enable to Output Low-Z 

tEILQX' tE2HQX 

tCLZ 

10 

— 

10 

— 

ns 

2 

Output Enable to Output Low-Z 

tGLQX 

tOLZ 

5 

- 

5 

- 

ns 

2 

Chip Enable to Output High-Z 

tE1HQZ'tE2LQZ 

tCHZ 

- 

35 

- 

35 

ns 

2,3 

Output Enable to Output High-Z 

tGHQZ 

tOHZ 

- 

35 

- 

35 

ns 

2,3 


NOTES: 

1. W is high at all times for read cycles. 

2. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from the 
previous steady state voltage. 

3. This parameter is sampled and not 100% tested. 


-tAVAV- 


A (ADDRESS) 


X 


- tAVQV - 


El, E2 (CHIP ENABLE) 


)C 


G (OUTPUT ENABLE) 


Q (DATA OUT) - 


HIGH-Z 


- tEILQV' tE2HQV - 


\ 


-tGLQV- 


I 


|^‘GLQX-J 
_ ^EILQX 
tE2HQX 


M; 


^EILQX ^ 


X 


^ ^axqx - 


X 


X 


tEIHQZ 
tE2LQZ ■ 


-tGHQZ- 




HIGH-Z 


AC TEST LOADS 


9 VlOAD = Vcc 



30 pF 

1.2 kft^ (INCLUDING 
SCOPES JIG) 


(Used for all propagation delay tests 
except for high to high Z 
transitions.) 


Figure la. 


1/0 >- 

1.2 kn 


? Vload = gnd 


^580 ft 




30 pF 

(INCLUDING 
SCOPE & JIG) 


(Used only for propagation tests 
involving high to high Z transitions 
or vice versa.) 

Figure 1b. 


TIMING LIMITS 

The table of timing values shows 
either a minimum or a maximum limit 
for each parameter. Input requirements 
are specified from the external system 
point of view. Thus, address setup time 
is shown as a minimum since the sys- 
tem must supply at least that much time 
(even though most devices do not 
require it). On the other hand, responses 
from the memory are specified from the 
device point of view. Thus, the access 
time is shown as a maximum since the 
device never provides data later than 
that time. 
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MILITARY 6164 


WRITE CYCLE 1 {W CONTROLLED) (See Note 1) 


Characteristic 

Symbol 

Ait 

Symbol 

6164-55 

6164-70 

Unit 

Notes 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

twc 

55 

- 

70 

- 

ns 


Address Setup Time 

tAVWL 

tAS 

15 

- 

15 

- 

ns 


Address Valid to End of Write 

tAVWH 

tAW 

50 

- 

70 

- 

ns 


Write Pulse Width 

tWLWH 

twp 

45 

- 

60 

— 

ns 

2 

Data Valid to End of Write 

tDVWH 

tDW 

30 

- 

40 

- 

ns 


Data Hold Time 

tWHDX 

tDH 

10 

- 

10 

- 

ns 

3 

Write High to Output Low-Z 

tWHQX 

tWLZ 

5 

- 

5 

- 

ns 

4 


NOTES: _ _ _ _ 

1. A write cycle starts at the latest transition of a low El, low W or high E2. A write cycle ends at the earliest transition of a high El, high W or low 

2. If W goes low coincident with or prior to El low or E2 high then the outputs will remain in a high impedance state. 

3. During this time the output pins may be in the output state. Signals of opposite phase to the outputs must not be applied at this time. 

4. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 500 mV transition from the 
previous steady state voltage. 


-tAVAV- 


A (ADDRESS) 


X 


X 


-‘AVWH- 


-tWHAX 


E (CHIP ENABLE) 


\ 


/■ 


-twLWH- 


W (WRITE ENABLE) 






-tAVWL- 


-tDVWH- 


-tWHDX 


D (DATA IN) 


Q (DATA OUT) 


(mmMm 

tWLQZ — U ►] 


DATA VALID I 




1 




►I — twHQX 

I 




TYPICAL 

CHARACTERISTICS 



ADDRESS INPUT LEVELS (V) 

Figure 2. Access Time versus Address Input Levels 
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MILITARY 6164 


WRITE CYCLE 2 (ENABLE CONTROLLED) (See Notes 1 and 2) 


Characteristic 

Symbol 

Alt 

Symbol 

6164-55 

6164-70 

Unit 

Notes 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

twc 

55 

— 

70 

- 

ns 


Address Setup Time 

tAVEIL 

tAS 

0 

- 

0 

- 

ns 



NOTES: 


1. A write cycle starts at the latest transition of a low El, low W or high E2. A write cycle ends at the earliest transition of a high El, high W or low 
E2. 

2. El and E2 timings are identical when E2 signals are inverted. 


-tAVAV- 


A (ADDRESS) 


X 


X 


-UVEIH- 


E (CHIP ENABLE) 


X 


X 


-tAVEIL- 


-tEILEIH- 


■"h^EIMAX 


D (DATA IN) 




DATA VALID I 






- tDVEIH — »| tEiHDX 


Q (DATA OUT) - 


HIGH-Z 


LOW Vcc data retention characteristics (Ta - -55 to + 125°C) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Vcc 1^®*® Retention 


VdR 

2.2 

5.5 

V 

(El ^ 2.2 V, Vin ^ 2.2 V) 






Data Retention Current 

+ 25, -55°C 

'CCDR 

_ 

40 

fxA 

(Vcc = 2 V, El > 2.2 V, Vjn ^ 2.2 V) 

+ 125°C 


— 1 

200 


Chip Disable to Data Retention Time (see waveform below) 

tCDR 

0 

- 

ns 

Operation Recovery Time (see waveform below) 

Vec 

tAVAV* 

- 

ns 


*tAVAV = Read Cycle Time 



ordering information 

(Order by Full Part Number) 


6164-55 / BXAJC 

^ Package Type 

Speed 

Part Number 

Available Speeds Available Packages in All Speeds 

55 ns X C-DIP 28 pin 

70 ns U LCCC 32 terminal 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


4K X 4-Bit Fast Static 
Random Access Memory 

The 6168 is a 16,384-blt static random access memory organized as 4096 words 
of 4 bits, fabricated using Motorola's second-generation high-performance silicon- 
gate CMOS (HCMOS III) technology. Static design eliminates the need for external 
clocks or timing strobes, while CMOS circuitry reduces power consumption and 
provides greater reliability. Fast access time makes this device suitable for cache 
and other high spe^ applications. _ 

The chip enable (E) pin is not a clock. In less than a cycle time after E goes high, 
the part enters a low-power standby mode, remaining in that state until E goes low 
again. This feature provides reduced system power requirements without degrad- 
ing access time performance. 

The 6168 is available In a 300 mil, 20 lead ceramic dual-in-line, 20 terminal, and 
rectangular ceramic LCC packages with the standard JEDEC pinout. 

• Single 5 V Supply, ± 10% 

• 4K X 4 Bit Organization 

• Fully Static — No Clock or Timing Strobes Necessary 

• Three State Output 

• Fast Access Time (Maximum): 

Address Chip Enable 
6168-55 55 ns 55 ns 

6168-70 70 ns 70 ns 

• Low Power Operation @ 25°C: 120 mA Max (Active) 

20 mA Max (Standby — TTL Levels) 

0.9 mA Max (Standby — CMOS Levels) 

• Fully TTL Compatible 


BLOCK DIAGRAM 



Military 6168 



PIN NAMES 


^-A11 Address Input 

W Write Enable 

E Chip Enable 

DQO'DQS Data Input/Output 

Vqc 4-5V Power Supply 

Vss Ground 
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MILITARY 6168 


TRUTH TABLE 


E 

W 

Mode 

Vcc Current 

I/O Pin 

H 

X 

Not Selected 

ISB1, ISB2 

High-Z 

L 

H 

Read 

icc 

Dout 

L 

L 

Write 

•cc 

Din 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to -1-7.0 

V 

Voltage Relative to Vss Any 

Pin Except Vcc 

Vin' Vout 

-0.5 to Vcc + 0-5 

V 

Output Current (per I/O) 

•out 

±20 

mA 

Power Dissipation |Ta = 25°C) 

Pd 

1.0 

W 

Temperature Under Bias 

^bias 

-55 to +125 

°C 

Operating Temperature 

Ta 

-55 to +125 

°C 

Storage Temperature 

Istg 

— 65 to +1 50 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however. It is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5 V ±10%, Ta = -55 to -i-125°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.5 

V 


Input High Voltage 

V|H 

2.2 

Vcc + 0-3 

V 

1 

Input Low Voltage 

V|L 

-0.3 

0.8 

V 

1, 2 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Notes 

Input Leakage Current (All Inputs, Vj^ = 0 to Vcc) 

IIL 

— 

±2.0 

IjlA 


Output Leakage Current (E = V|h or W = V|l, Vout = 0 to Vcc) 

lOZL 

— 

±2.0 

fiA 

3 

AC Supply Current (lout = 0 ’^^A, Cycle = Min, Duty = 100%) 

•CCA 

- 

90 

mA 

3 

TTL Standby Current (E = V|h) 

•SBI 

— 

20 

mA 


CMOS Standby Current (E ^ Vcc “ 0-2 V, Vjn ^ 0.2 V or > Vcc " 0-2 V) 

ISB2 

— 

5.0 

mA 


Output Low Voltage (Iql = 8.0 mA) 

Vql 

— 

0.4 

V 


Output High Voltage (Iqh = “4.0 mA) 

VOH 

2.4 

- 

V 



CAPACITANCE (f = 1 MHz, Ta = 25°C, sampled at initial device qualification and major redesigns rather than 100% tested) 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Input Capacitance 

All Inputs Except 1 

Din 

3 

5 

PF 


E 


5 

7 


I/O Capacitance 

C|/0 

5 

7 

PF 


NOTES: 

1 . Address rise and fall times while the chip is selected are 50 ns maximum. 

2. V|L{min)= -0.3 V dc; ViL{min)= -3.0 V ac (pulse width <20 ns). 

3. Input levels less than -0.3 V or greater than + V will cause I/O and power supply currents to exceed maximum rating. 
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MILITARY 6168 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5 V ±10%, Ta = -55 to +125°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load Figure 1A Unless Otherwise Noted 

Input Rise/ Fall Time . 5 ns 


READ CYCLE (See Note 1) 


Parameter 

Symbol 

6168-55 

6168-70 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Read Cycle Time 

tAVAV 

tRC 

55 

— 

70 

— 

ns 


Address Access Time 

tAVQV 

tAA 

— 

55 

— 

70 

ns 


E Access Time 

tELQV 

tACS 

— 

55 

— 

70 

ns 


E Low to Output Active 

tELQX 

tLZ 

5 

— 

5 

_ 

ns 

2 

E High to Output High-Z 

tEHQZ 

tHZ 

0 

25 

0 

30 

ns j 

2,5 

Output Hold from Address Change 

tAXQX 

tOH 

5 

— 

5 


1 

ns 


Power Up Time 

tELICCH 

tpu 

0 

— 

0 

1 

ns 

5 

Power Down Time 

^EHICCL 

tPD 

— 

55 

— 

70 

ns 

5 


NOTES: 

1. W is high for read cycle. 

2. Transition is measured ±500 my_from steady-state voltage with load of Figure IB. 

3. Device is continuously selected (E = Vjl)- _ 

4. Addresses valid prior to or coincident with E going low. 

5. This test is sampled and not 100% tested. 


READ CYCLE 1 (See Note 3 Above) 



^ tAVAV ► 


A (ADDRESS) ^ 

( j 

( 


^ tAXQX ► 



Q (DATA OUT) 

PREVIOUS DATA VALID ^ 

(XXXXX) 

^ DATA VALID 


^ tAVQV ► 



READ CYCLE 2 (See Note 4 Above) 
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MILITARY 6168 


WRITE CYCLE 1 (W Controlled; See Note 1) 


Parameter 

Symbol 

6168-55 

6168-70 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

twc 

50 

— 

60 

— 

ns 


Address Setup Time 

tAVWL 

tAS 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

tAVWH 

tAW 

40 

_ 

60 

— 

ns 


Write Pulse Width 

tWLWH 

twp 

40 

— 

60 

— 

ns 


Data Valid to End of Write 

tDVWH 

tDW 

25 

— 

30 

— 

ns 


Data Hold Time 

tWHDX 

tDH 

3 

— 

3 

— 

ns 


Write Low to Output High-Z 

tWLQZ 

twz 

— 

25 

— 

30 

ns 

2,3 

Write High to Output Active 

tWHQX 

tow 

0 

— 

0 

— 

ns 

2,3 

Write Recovery Time 

tWHAX 

tWR 

0 

— 

0 

— 

ns 



NOTES: _ _ 

1. A write occurs during the overlap of E low and W low. 

2. Transition is measured ±500 mV from steady-state voltage with load in Figure 1B. 

3. This parameter is sampled and not 100% tested. 


h 



I- 


tAVAV 


tAVWH H* 

\ ^ : 



+- tWHAX 






AC TEST LOADS 



? vload = gnd 


^ 580ft 


1.2kft< 


30 pF 

(INCLUDING 
SCOPE & JIG) 


(Used for all propagation delay tests 
except for high to high Z 
transitions.) 

Figure la. 


(Used only for propagation tests 
involving high to high Z transitions 
or vice versa.) 

Figure 1b. 


TIMING LIMITS 

The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are specified 
from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the device point of view. 
Thus, the access time is shown as a 
maximum since the device never provides 
data later than that time. 
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MILITARY 6168 


WRITE CYCLE 2 (E Controlled; See Note 1) 


Parameter 

Symbol 

6168-55 

6168-70 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

twc 

50 

— 

60 

— 

ns 


Address Setup Time 

tAVEL 

tAS 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

tAVEH 

tAW 

40 

__ 

60 

— 

ns 


Write Pulse Width 

tELEH 

tew 

45 

— 

60 

— 

ns 

2,3 

Data Valid to End of Write 

tDVEH 

tDW 

25 

— 

30 

— 

ns 


Data Hold Time 

tEHDX 

tDH 

3 

— 

3 

— 

ns 


Write Recovery Time 

tEHAX 

tWR 

0 

— 

0 

— 

ns 



NOTES: _ __ 

1 . A write occurs during the overlap of E low and W low. 

2. If E goes low coincident with or after W goes low, the output will remain in a high impedance condition. 

3. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition. 



HIGH-Z 

Q (DATA OUT) 


ORDERING INFORMATION 
(Order by Full Part Number) 


6168-55 / BRAJC 

TT L_ 


Package Type 
Speed 

Part Number 


Available Speeds Available Packages in All Speeds 

55 ns R C-DIP 20 pin 

70 ns U LCCC 20 terminal 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Advance Information 

32K X 8 Bit Fast Static Random 
Access Memory 

The 6206 is a 262,144 bit static random access memory organized as 32,768 
words of 8 bits, fabricated using Motorola's third-generation high-performance 
silicon-gate CMOS (HCMOS IV) technology. Static design eliminates the need for 
external clocks or timing strobes, while CMOS circuitry reduces power con- 
sumption and jxovides for greater reliability. 

Chip enable (E) controls the power-down feature. It is not a clock but rather a 
chip control that affects power consumption. In less than a cycle time after E 
goes high, the part automatically reduces it^power requirements and remains 
in this low-power standby mode as long as E remains high. This feature pro- 
vides significant system-level power savings. Another control feature, output 
enable (G) allows access to the memory contents as fast as 15 ns (6206-45). 

The 6206 is packaged in a 600 mil, 28 pin ceramic dual-in-line package. 

• Single 5.0 V Supply, ±10% 

• Fully Static — No Clock or Timing Strobes Necessary 

• Fast Access Time — 45 or 55 or 70 ns or 100 ns (Maximum) 

• Low Power Dissipation 

• Two Chip Controls; E for Automatic Power Down 

G for Fast Access to Data 

• Three State Outputs 

• Fully TTL Compatible 

• Order as Part Number; 6206-45/BXAJC 


BLOCK DIAGRAM 



Military 6206 


MPO 

limit 



CASE 733-04 
CERAMIC 


PIN ASSIGNMENT 

A14 E 

1 • 

28 

J Vcc 

A12 E 

2 

27 

1 W 

A7E 

3 

26 

1 A13 

A6 E 

4 

25 

]A8 

A5E 

5 

24 

] A9 

A4 [ 

6 

23 

] A11 

A3[ 

7 

22 

]G 

A2E 

8 

21 

] A10 

A1E 

9 

20 

]E 

AO [ 

10 

19 

] DQ7 

DQO [ 

11 

18 

] DQ6 

DQ1 f 

12 

17 

] DQ5 

DQ2 j 

13 

16 

] DQ4 

Vss [ 

14 

15 

] DQ3 


PIN NAMES 


;M-A14 Address 

W Write Enable 

^ Chip Enable 

G Output Enable 

DQ0-DQ7 Data Input/Output 

Vcc ±5.0 V Power Supply 

Vss Ground 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MILITARY 6206 


TRUTH TABLE 


E 

G 

W 

Mode 

Supply 

Current 

I/O Pin 

H 

X 

X 

Not Selected 

•SB 

High Z 

L 

H 

H 

Output Disabled 

'cc 

High Z 

L 

L 

H 

Read 

•cc 

Dout 

L 

X 

L 

Write 

•cc 

Din 


X — Don't Care 


This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maxirnum rated voltages to 
this high-impedance circuit. 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Voltage Relative to Vss for Any Pin 
Except Vcc 

Vin^Vout 

— 0.5 to Vcc + 0-5 

V 

Output Current (per I/O) 

*out 

±20 

mA 

Power Dissipation (Ta = 25°C) 

Pd 

1.0 

W 

Temperature Under Bias 

Tbias 

-55 to +125 

°C 

Operating Temperature 

Ta 

-55 to +125 

°c 

Storage Temperature — Plastic 

Tstg 

— 65 to +150 

°c 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDI- 
TIONS. Exposure to higher than recommended voltages for extended periods of time 
could affect device reliability. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 ±10%, Ta = -55° to +125°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

— 

Vcc + 0-3 

V 

Input Low Voltage 

V|L 

-0.3* 

- 

0.8 

V 


*V|L (min) = -0.3 Vdc; V|l (min) = -3.0 Vac (pulse width ^ 20 ns) 

DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj^ = 0 to Vcc) 

llkg(l) 

- 

±2.0 

aA 

Output Leakage Current (E = V|h, or G = V|h, Vout 

= 0 to 5.5 V) 

l|kg(0) 

- 

±2.0 

fiA 

Power Supply Current 

(tAVAV - 35 ns) 

•cc 

— 

120 

mA 

(E = V|L,Vin = V|H or V|l, W = 0) 

(tAVAV = 45 ns) 

•cc 

— 

110 


Standby Current (E = V|h) (TTL Levels) 

•SBI 

— 

20 

mA 

Standby Current (E > Vcc ~ 0-2 V) (CMOS Levels) 

•SB2 

- 

20 

mA 

Output Low Voltage (Iql = 8.0 mA) 

VOL 

— 

0.4 

V 

Output High Voltage (Iqh = “'^•0 rnA) 

VOH 

2.4 

- 

V 


CAPACITANCE (f = 1.0 MHz, Ta = 25°C, periodically sampled and not 100% tested.) 


Characteristic 

Symbol 

Max 

Unit 

Input Capacitance 

Cin 

6.0 

PF 

I/O Capacitance 

C|/0 

8.0 

PF 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


4K X 4-Bit Fast Static 
Random Access Memory 

The 6268 is a 16,384-bit static random access memory organized as 4096 words 
of 4 bits, fabricated using Motorola's second-generation high-performance silicon- 
gate CMOS (HCMOS III) technology. Static design eliminates the need for external 
clocks or timing strobes, while CMOS circuitry reduces power consumption and 
provides greater reliability. Fast access time makes this device suitable for cache 
and other sub-50 ns applications. 

The chip enable (E) pin is not a clock. In less than a cycle time after E goes high, 
the part enters a low-power standby mode, remaining in that state until E goes low 
again. This device also incorporates internal power down circuitry that will reduce 
active current for less than 100% duty cycle applications. These features provide 
reduced system power requirements without degrading access time performance. 

The 6268 is available in a 20-lead ceramic dual-in-line and 20-terminal ceramic 
LCCC package and features the standard JEDEC pinout. 

• Single 5 V Supply, ±10% 

• 4K X 4 Bit Organization 

• Fully Static — No Clock or Timing Strobes Necessary 

• Three State Output 

• Fully TTL Compatible 

• Fast Access Time (Maximum): 

Address Chip Enable 
6268-35 35 ns 35 ns 

6268-45 45 ns 45 ns 

• Low Power Operation: 120 mA Maximum, Active AC 

20 mA Maximum, Standby (TTL Levels) 

0.9 mA Maximum, Standby (Full Rail) 


BLOCK DIAGRAM 



Military 6268 



PIN NAMES 1 

A0-A11 . . 

Address Input 

W 

Write Enable 

E 

Chip Enable 

DQ0-DQ3 

Data Input/Output 

vcc • • • 

+ 5 V Power Supply 

vss • • • 

Ground 
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MILITARY 6268 


TRUTH TABLE 


E 

W 

Mode 

Vcc Current 

I/O Pin 

Cycle 

H 

X 

Not Selected 

ISB1, ISB2 

High-Z 



L 

H 

Read 

ICC 

Dout 

Read Cycle 

L 

L 

Write 

icc 

Din 

Write Cycle 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +7 

V 

Voltage Relative to Vss for Any 

Pin Except Vcc 

Vin. Vout 

- 0.5 to Vcc + 

V 

Output Current (per I/O) 

■out 

±20 

mA 

Power Dissipation (Ta = 25°C) 

Pd 

1 

W 

Temperature Under Bias 

Tbias 

-55 to +125 

X 

Operating Temperature 

Ta 

-55 to +125 

X 

Storage Temperature 

Tstg 

-65 to +150 

X 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS 
are exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages 
for extended periods of time could affect device reliability. 


This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; how- 
ever, It is advised that normal precau- 
tions be taken to avoid application of 
any voltage higher than maximum rated 
voltages to this high-impedance circuit. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5 V ±10%, Ta = -55 to +125°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.5 

V 

Input High Voltage 

V|H 

2.2 

Vcc + 0-3 

V 

Input Low Voltage 

V|L 

-0.5* 

0.8 

V 


*V|L (min) = -0.5 Vdc; V|l (min) = -3 Vac (pulse width 20 ns) 

DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vjn = 0 to Vcc) 

ML 

- 

2 

HA 

Output Leakage Current (E = V|h# Vout = 0 to Vcc) 

lOZL 

— 

2 

fiA 

AC Supply Current (lout = 0 f^A, Cycle = Min, Duty = 100%) 

•CCA 

— 

120 

mA 

TTL Standby Current (E = V|h, No Restrictions on Other Inputs) 

ISBI 

— 

20 

mA 

CMOS Standby Current (E ^ Vcc “ 0-2 V, No Restrictions on Other Inputs) 

ISB2 

— 

5.0 

mA 

Output Low Voltage (Iql = 3 •^^A) 

VOL 

- 

0.4 

V 

Output High Voltage (Iqh = -4 mA) 

VOH 

2.4 

- 

V 


CAPACITANCE (f = 1 MHz, Ta = 25°C, sampled at Initial device qualification and major redesigns rather than 100% tested) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Input Capacitance 

All Inputs Except E 

Din 

— 

3 

6 

PF 


E 


— 

5 

6 


I/O Capacitance 

C|/0 

- 

5 

7 

PF 
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MILITARY 6268 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5 V ±10%, Ta = -55 to +125°C, Unless Otherwise Noted) 

Input Reference Level 
Input Pulse Levels. . . 

Input Rise/Fall Time. . 


. . 1.5 V Output Reference Level 1.5 V 

0 to 3 V Output Load Figure 1A Unless Otherwise Noted 

. . 5 ns 


READ CYCLE (See Note 1) 


Parameter 

Symbol 

6268-35 

6268-45 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Read Cycle Time 

tAVAV 

tRC 

35 

- 

45 

- 

ns 

2 

Address Access Time 

tAVQV 

tAA 

— 

35 

- 

45 

ns 


Enable Access Time 

tELQV 

tACS 

- 

35 

- 

45 

ns 


Output Hold from Address Change 

tAXQX 

tOH 

3 

- 

3 

- 

ns 


Enable Low to Output Active 

tELQX 

tLZ 

5 

- 

5 

- 

ns 

3,4 

Enable High to Output High-Z 

tEHQZ 

tHZ 

0 

15 

0 

20 

ns 

3,4,7 

Power Up Time 

tELICCH 

tpu 

0 

— 

0 

- 

ns 

7 

Power Down Time 

tEHICCL 

tPD 

- 

35 

- 

45 

ns 

7 


NOTES: 

1. W is high for read cycle. 

2. All read cycle timing is referenced from the last valid address to the first transitioning address. 

3. At any given voltage and temperature, t^noz rnax, is less than tgLQx min, both for a given device and from device to device. 

4. Transition is measured ±500 mV_from steady-state voltage with load of Figure IB. 

5. Device is continuously selected (E = V|l). _ 

6. Addresses valid prior to or coincident with E going low. 

7. This parameter is sampled and not 100% tested. 


READ CYCLE 1 (See Note 5 Above) 



^ tAVAV ► 


A (ADDRESS) ^ 

( J 

( 


M tAXOX ► 



Q (DATA OUT) 

PREVIOUS DATA VALID ^ 

(mm 

^ DATA VALID 


^ tAVOV ^ 



READ CYCLE 2 (See Note 6 Above) 
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MILITARY 6268 


WRITE CYCLE 1 (W Controlled; See Note 1) 


Parameter 

Symbol 

6268-35 

6268-45 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

twc 

30 

- 

40 

- 

ns 

2 

Address Setup Time 

tAVWL 

tAS 

0 

- 

0 

- 

ns 


Address Valid to End of Write 

tAVWH 

tAW 

30 

- 

35 

— 

ns 


Write Pulse Width 

tWLWH 

tWP 

30 

- 

30 

— 

ns 


Data Valid to End of Write 

tDVWH 

tDW 

20 

— 

20 

— 

ns 


Data Hold Time 

tWHDX 

tDH 

3 

- 

3 

- 

ns 


Write Low to Output High-Z 

tWLQZ 

twz 

0 

15 

0 

20 

ns 

3,4,5 

Write High to Output Active 

tWHQX 

tow 

0 

- 

0 

- 

ns 

3,4 

Write Recovery Time 

tWHAX 

tWR 

0 

- 

0 

- 

ns 



NOTES: _ _ 

1. A write occurs during the overlap of E low and W low. 

2. All write cycle timing is referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±500 mV from steady-state voltage with load in Figure IB. 

4. At any given voltage and temperature, tyvLQZ 's less than twHQX both tor a given device and from device to device. 

5. This parameter is sampled and not 100% tested. 


tAVAV H 


ADDRESS 


tAVWH ^ tWHAX 

L_/ 

1 twLWH H 



tWLQZ -H* H I I I 


HIGH-Z 

I ^hqx 




AC TEST LOADS 


VlOAD = Vcc 


1/0 

30 pF 


(INCLUDING SCOP^ 
AND JIG) — 


► 580 a 


X- 




,2ka 


Test circuit used for propagation 
delay tests except for Vqh fo high-Z 
transitions. 


Figure la. 


VlOAD = GNO 


1/0 

30 pF “ 
(INCLUDING 
SCOPE AND JIG) 


X 

I 



Use only for Vqh fo high-Z and 
high-Z to Vqh transitions. 


Figure 1b. 


TIMING LIMITS 

The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are specified 
from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the device point of view. 
Thus, the access time is shown as a 
maximum since the device never provides 
data later than that time. 
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MILITARY 6268 


WRITE CYCLE 2 (E Controlled; See Note 1) 


Parameter 

Symbol 

6268-35 

6268-45 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

twc 

30 

— 

40 

- 

ns 

2 

Address Setup Time 

tAVEL 

tAS 

0 

— 

0 

- 

ns 


Address Valid to End of Write 

tAVEH 

tAW 

30 

— 

35 

- 

ns 


Enable to End of Write 

tELEH 

tew 

30 

— 

35 

- 

ns 

3,4 

Write Pulse Width 

tWLEH 

twp 

30 

— 

30 

- 

ns 


Data Valid to End of Write 

tDVEH 

tDW 

20 

— 

20 

- 

ns 


Data Hold Time 

tEHDX 

tDH 

3 

— 

3 

- 

ns 


Write Recovery Time 

tEHAX 

i twR 

0 

- 

0 

- 

ns 



NOTES: _ _ 

1. A write occurs during the overlap of E low and W low. 

2. Alj_write cycle timing is referenced from the last valid address to the first transitioning address. 

3. If E goes low coincident with or after W apes low, the output will remain in a high impedance condition. 

4. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition. 



Q (DATA OUT) • 


HIGHZ 


ORDERING INFORMATION 
(Order by Full Part Number) 


6268-35 / BRAJC 

TT L_ 


Package Type 
Speed 

Part Number 


Available Speeds 


Available Packages in All Speeds 


35 ns 
45 ns 


R C-DIP 20 pin 

U LCCC 20 terminal 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


64K X 1 -Bit Fast Static 
Random Access Memory 

The 6287 is a 65,536-bit static random access memory organized as 65,536 
words of 1 bit, fabricated using Motorola's second-generation high-performance 
silicon-gate CMOS (HCMOS III) technology. Static design eliminates the need for 
external clocks or timing strobes, while CMOS circuitry reduces power consump- 
tion for greater reliability. _ 

The chip enable (E) pin is not a clock. In less than a cycle time after E goes high, 
the part enters a low-power standby mode, remaining In that state until E goes low 
again. This device also incorporates internal power down circuitry that will reduce 
active current for less than 100% duty cycle applications. These features provide 
reduced system power requirements without degrading access time performance. 

The 6287 is available in a 300 mil, 22-pin sidebraze, and a 22-termlnal ceramic 
leadless chip carrier measuring 290 x 490 mils. All feature JEDEC standard pinouts. 

• Single 5 V ±10% Power Supply 

• Fast Access Time: 35/45 ns 

• Equal Address and Chip Enable Access Time 

• Low Power Operation: 70 mA Maximum, Active AC 

5 mA Maximum, Standby (TTL Levels) 

2 mA Maximum, Standby (Full Rail) 

• Fully TTL Compatible 

• Three-State Data Output 

• Low Power, Battery Backup Operation with 2 V Data Retention 


BLOCK DIAGRAM 



Military 6287 


MPO 

iiifiif 


PIN ASSIGNMENT 


SIDEBRAZE 


A0[ 

1 • 

22 

Ivcc 

All 

2 

21 

]A15 

A2[ 

3 

20 

]A14 

A3l 

4 

19 

1a13 

A4[ 

5 

18 

]A12 

A5[ 

6 

17 

]A11 

A6[ 

7 

16 

]A10 

A7[ 

8 

15 

]A9 

Q[ 

9 

14 

]A8 

w[ 

10 

13 

Id 

vsst 

11 

12 

]E 


CASE 677-06 
CERAMIC 


CHIP CARRIER 

A1 AO Vcc A15 

A14 
A13 
A12 
All 
A10 
A9 
AS 


W Vss E 0 

CASE 800-02 
CERAMIC 




iitTTX 

1 lj L^J 1 

A2 

Ms V”2o[;1 

A3 


19^1 

A4 

::i5 

i8[:: 

AS 

::]6 


A6 

::]7 

leC: 

A7 

ms 

isH I 

Q 

::]9 

11 12 _ 


PIN NAMES 


^-A15 Address Input 

W Write Enable 

E Chip Enable 

D Data Input 

Q Data Output 

Vcc + 5 V Power Supply 

Vss Ground 
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MILITARY 6287 


TRUTH TABLE 


E 

W 

Mode 

Vcc Current 

Output 

Cycle 

H 

X 

Not Selected 

ISB1, ISB2 

High-Z 

_ 

L 

H 

Read 

icc 

D 

O 

c 

Read Cycle 

L 

L 

Write 

'cc 

High-Z 

Write Cycle 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to -1-7.0 

V 

Voltage Relative to Vss for Any 

Pin Except \/qq 

Vin, Vout 

-0.5 to Vcc + 0-5 

V 

Output Current (per I/O) 

lout 

±20 

mA 

Power Dissipation (Ta = 25°C) 

Pd 

1.0 

W 

Temperature Under Bias 

Tbias 

-55 to +125 

°C 

Operating Temperature 

Ta 

-55 to +125 

°C 

Storage Temperature— Ceramic 

^stg 

-65 to +150 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5 V ±10%, Ta = -55 to -i-125°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.5 

V 

Input High Voltage 

V|H 

2.2 V 

Vcc + 0-3 

V 

Input Low Voltage 

V|L 

-0.5* 

0.8 

V 


*V|L (min) = -0.5 Vdc; V|l (min) = -3 Vac (pulse width ^ 20 ns) 

DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vjn = 0 to Vcc) 

IIL 

- 

±2 

fiA 

Output Leakage Current (E = V|h, Vout = 0 to Vcc) 

lOZL 

- 

±2 

/xA 

AC Supply Current (lout = 0 rnA, Cycle = Min, Duty = 100%) 

ICCA 

- 

70 

mA 

TTL Standby Current (E = V|H/ No Restrictions on Other Inputs) 

ISBI 

- 

20 

mA 

CMOS Standby Current (E > Vcc “ 0-2 V, No Restrictions on Other Inputs) 

ISB2 

- 

15 

mA 

Output Low Voltage (Iql = 8 tnA) 

VOL 

- 

0.4 

V 

Output High Voltage (Iqh = -4 mA) 

VOH 

2.4 

- 

V 


CAPACITANCE (f = 1 MHz, dV = 3 V, Ta = 25°C, sampled at initial device qualification and major redesigns rather than 100% tested) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Input Capacitance All Inputs Except E 

E 

Cin 

— 

4 

8 

PF 

Output Capacitance 

Cout 

- 

5 

10 

PF 
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MILITARY 6287 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5 V ± 10%, Ta = -55 to + 125°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3 V Output Load Figure 1A Unless Otherwise Noted 

Input Rise/Fall Time 5 ns 


READ CYCLE (See Note 1) 


Parameter 

Symbol 

6287-35 

6287-45 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Read Cycle Time 

tAVAV 

tRC 

35 

— 

45 

— 

ns 

2 

Address Access Time 

tAVQV 

tAA 

- 

35 

- 

45 

ns 


Enable Access Time 

tELQV 

tACS 

— 

35 

— 

45 

ns 

3 

Output Hold from Address Change 

tAXQX 

tOH 

5 

- 

5 

— 

ns 


Enable Low to Output Active 

tELQX 

tLZ 

5 

— 

5 

— 

ns 

4,5 

Enable High to Output High-Z 

tEHQZ 

tHZ 

0 

25 

0 

30 

ns 

4,5,7 

Power Up Time 

tELICCH 

tpu 

0 

— 

0 

— 

ns 

7 

Power Down Time 

tEHICCL 

tPD 

- 

35 

- 

45 

ns 

7 


NOTES: 

1. W is high for read cycle. 

2. All read cycle timing is referenced from thejast valid address to the first transitioning address. 

3. Addresses valid prior to or coincident with E going low. 

4. At any given voltage and temperature, tgHQZ nnax, is less than tgLQx min, both for a given device and from device to device. 

5. Transition is measured ±500 my_from steady-state voltage with load of Figure IB. 

6. Device is continuously selected (E = V|l). 

7. This parameter is sampled and not 100% tested. 


READ CYCLE 1 (See Note 6 Above) 



^ tAVAV ► 


A (ADDRESS) ^ 

( ) 

( 


^ tAXOX ► 



Q (DATA OUT) 

PREVIOUS DATA VALID ^ 

(XXXXX) 

^ DATA VALID 


7 

^ tAVOV ► 



READ CYCLE 2 (See Note 3 Above) 
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MILITARY 6287 


WRITE CYCLE 1 (W Controlled; See Note 1) 


Parameter 

Symbol 

6287-35 

6287-45 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

twc 

30 

- 

40 

- 

ns 

2 

Address Setup Time 

tAVWL 

tAS 

0 

- 

0 

- 

ns 


Address Valid to End of Write 

tAVWH 

tAW 

30 

— 

40 

- 

ns 


Write Pulse Width 

tWLWH 

twp 

30 

— 

40 

- 

ns 


Data Valid to End of Write 

tDVWH 

tDW 

20 

— 

25 

- 

ns 


Data Hold Time 

tWHDX 

tDH 

5 

— 

5 

- 

ns 


Write Low to Output High-Z 

tWLQZ 

twz 

0 

20 

0 

30 

ns 

3,4 

Write High to Output Active 

tWHQX 

tow 

0 

- 

0 

- 

ns 

3,4 

Write Recovery Time 

tWHAX 

tWR 

5 

- 

5 

- 

ns 

1 



NOTES: _ _ 

1. A write occurs during the overlap of E low and W low. 

2. All write cycle timing is referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±500 mV from steady-state voltage with load in Figure IB. 

4. This parameter is sampled and not 100% tested. 


A (ADDRESS) ^ 

^ tAVAV — ^ 

!( 


^ tAVWH ► 


■ - tWHAX 

E (CHIP ENABLE) 

^ 




-• 'WLWH ♦ 


W (WRITE ENABLE) 


^ 7 



^ tAVWL ► 

. > 1 

tovWH : ► 


-tWHDX 

—yxxxxxx) 

o(X)d 

^ DATA VALID 


xxxxxx 

tWLQZ — 

HIGH-Z 

r\ (r»ATA ni it\ / V 

XX) 


HIGH-Z 




\A 


^ 

\AAA/ 


-tWHQX 


AC TEST LOADS 


VlOAD = Vcc 
^580 a 

1/0 

30 pF 

(INCLUDING SCOPE 
AND JIG) 


Test circuit used for propagation 
delay tests except for Vqh fo high-Z 
transitions. 

Figure la. 



Vload = gnd 


I/O 


r 


30 pF 
(INCLUDING T” 
SCOPE AND JIG) 


Use only for Vqh to high-Z and 
high-Z to Vqh transitions. 

Figure 1b. 


TIMING LIMITS 

The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are specified 
from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the device point of view. 
Thus, the access time is shown as a 
maximum since the device never provides 
data later than that time. 
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MILITARY 6287 


WRITE CYCLE 2 (E Controlled; See Note 1) 


Parameter 

Symbol 

6287-35 

6287-45 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

twc 

30 

— 

40 

- 

ns 

2 

Address Setup Time 

tAVEL 

tAS 

0 

— 

0 

- 

ns 


Address Valid to End of Write 

tAVEH 

tAW 

30 

_ 

35 

— 

ns 


Enable to End of Write 

tELEH 

tew 

30 

— 

40 

- 

ns 

3,4 

Write Pulse Width 

tWLEH 

twp 

30 

— 

40 

— ■ 

ns 


Data Valid to End of Write 

tDVEH 

tDW 

20 

- 

25 

- 

ns 


Data Hold Time 

tEHDX 

tDH 

5 

- 

5 

- . 

ns 


Write Recovery Time 

tEHAX 

tWR 

5 

- 

5 

- 

ns 



NOTES: _ _ 

1. A write occurs during the overlap of E low and W low. 

2. Alj^write cycle timing is referenced from the last valid address to the first transitioning address. 

3. If E goes low coincident with or after W ^pes low, the output will remain in a high impedance condition. 

4. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition. 



ORDERING INFORMATION 
(Order by Full Part Number) 


6287-35 / BXAJC 

TT L_ 


Package Type 
Speed 

Part Number 


Available Speeds 


Available Packages in all Speeds 


35 ns X Sidebraze 22 pin 

45 ns U LCCC 22 terminal 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


1 6K X 4-Bit Fast Static 
Random Access Memory 

The 6288 is a 65,536-bit static random access memory organized as 16,384 
words of 4 bits, fabricated using Motorola's second-generation high-performance 
silicon-gate CMOS (HCMOS III) technology. Static design eliminates the need for 
external clocks or timing strobes, while CMOS circuitry reduces power consump- 
tion for greater reli^ility. _ 

The chip enable (E) pin is not a clock. In less than a cycle time after E goes high, 
the part enters a low-power standby mode, remaining in that state until E goes low 
again. This device also incorporates internal power down circuitry that will reduce 
active current for less than 100% duty cycle applications. These features reduce 
system power requirements without degrading access time performance. 

The 6288 is available in a 300 mil, 22-pin sidebraze, and a 22-terminal ceramic 
leadless chip carrier measuring 290 x 490 mils. All feature JEDEC standard pinouts. 

• Single 5 V ±10% Power Supply 

• Fast Access Time: 35/45 ns 

• Equal Address and Chip Enable Access Time 

• Low Power Operation: 120 mA Maximum, Active AC 

5 mA Maximum, Standby (TTL Levels) 

2 mA Maximum, Standby (Full Rail) 

• Fully TTL Compatible 

• Three-State Data Output 


BLOCK DIAGRAM 




PIN NAMES 


^-A13 Address Input 

W Write Enable 

E Chip Enable 

DQ0-DQ3 Data Input/Output 

Vcc + 5 V Power Supply 

Vss Ground 
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MILITARY 6288 


TRUTH TABLE 


E 

W 

Mode 

Vcc Current 

Output 

Cycle 

H 

X 

Not Selected 

ISB1, ISB2 

High-Z 

_ 

L 

H 

Read 

•cc 

Dout 

Read Cycle 

L 

L 

Write 

«CC 

High-Z 

Write Cycle 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Voltage Relative to Vss for Any 

Pin Except Vqc 

Vin. Vout 

- 0.5 to Vcc + 0.5 

V 

Output Current (per I/O) 

lout 

±20 

mA 

Power Dissipation (Ta = 25°C) 

pd 

1.0 

W 

Temperature Under Bias 

Tbias 

-55 to +125 

°C 

Operating Temperature 

Ta 

-55 to +125 

°C 

Storage Temperature 

I§ta 

— 65 to +150 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5 V ±10%, Ta = -55 to -l-125°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.5 

V 

Input High Voltage 

V|H 

2.2 

Vcc + 0.3 

V 

Input Low Voltage 

V|L 

-0.5* 

0.8 

V 


*V|L (min) = -0.5 Vdc; V|l (min) = -3 Vac (pulse width « 20 ns) 

DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All inputs, Vjp = 0 to Vcc) 

IIL 

— 

2 

aA 

Output Leakage Current (E = V|h» Vout = 0 to Vcc) 

lOZL 

— 

2 

aA 

AC Supply Current (lout = 0 mA, Cycle = Min, Duty = 100%) 

ICCA 

— 

90 

mA 

TTL Standby Current (E = V|h, No Restrictions on Other Inputs) 

'SBI 

— 

20 

mA 

CMOS Standby Current (E ^ Vcc “ 0.2 V, No Restrictions on Other Inputs) 

ISB2 

— 

15 

mA 

Output Low Voltage (Iql = 8 mA) 

VOL 

- 

0.4 

V 

Output High Voltage (Iqh = -4 mA) 

vqh 

2.4 

- 

V 


CAPACITANCE (f = 1 MHz, dV = 3 V, Ta = 25X, sampled at Initial device qualification and major redesigns rather than 100% tested) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Input Capacitance All inputs Except E 

E 

Cin 

— 

4 

8 

PF 

I/O Capacitance 

C|/0 

- 

5 

10 

PF 
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MILITARY 6288 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5 V ±10%, Ta = -55 to +125°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3 V Output Load Figure 1A Unless Otherwise Noted 

Input Rise/Fall Time 5 ns 


READ CYCLE (See Note 1) 


Parameter 

Symbol 

6288-35 

6288-45 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Read Cycle Time 

tAVAV 

tRC 

35 

- 

45 

- 

ns 

2 

Address Access Time 

tAVQV 

tAA 

- 

35 

— 

45 

ns 


Enable Access Time 

tELQV 

tACS 

- 

35 

— 

45 

ns 

3 

Output Hold from Address Change 

tAXQX 

tOH 

5 

— 

5 

- 

ns 


Enable Low to Output Active 

tELQX 

tLZ 

3 

- 

3 

. - 

ns 

4,5 

Enable High to Output High-Z 

tEHQZ 

tHZ 

0 

30 

0 

30 

ns 

4,5,7 

Power Up Time 

tELICCH 

tpu 

0 

— 

0 

- 

ns 

7 

Power Down Time 

tEHICCL 

tPD 

- 

35 

- 

45 

ns 

7 


NOTES: 

1. W is high for read cycle. 

2. All read cycle timing is referenced from thejast valid address to the first transitioning address. 

3. Addresses valid prior to or coincident with E going low. 

4. At any given voltage and temperature, tgHQZ max, is less than I^lqx min, both for a given device and from device to device. 

5. Transition is measured ±500 mV^from steady-state voltage with load of Figure IB. 

6. Device is continuously selected (E = V|l). 

7. This parameter is sampled and not 100% tested. 


READ CYCLE 1 (See Note 6 Above) 



^ tAVAV ► 


A (ADDRESS) ^ 

( D 

( 


^ tAXQX H 



Q (DATA OUT) 

PREVIOUS DATA VALID ^ 

(XXXXX) 

^ DATA VALID 


^ tAVOV ► 



READ CYCLE 2 (See Note 3 Above) 
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MILITARY 6288 


WRITE CYCLE 1 (W Controlled; See Note 1) 


Parameter 

Symbol 

6288-35 

6288-45 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

twc 

30 

— 

40 

— 

ns 

2 

Address Setup Time 

tAVWL 

tAS 

0 

- 

0 

- 

ns 


Address Valid to End of Write 

tAVWH 

tAW 

30 

— 

40 

— 

ns 


Write Pulse Width 

tWLWH 

tWP 

30 

— 

40 

— 

ns 


Data Valid to End of Write 

tDVWH 

tDW 

15 

— 

20 

— 

ns 


Data Hold Time 

tWHDX 

tDH 

0 

- 

0 

— 

ns 


Write Low to Output High-Z 

tWLQZ 

twz 

0 

20 

0 

20 

ns 

3,4,5 

Write High to Output Active 

tWHQX 

tow 

5 

- 

5 

- 

ns 

3,4,5 

Write Recovery Time 

tWHAX 

tWR 

0 

- 

0 

- 

ns 



NOTES: _ _ 

1. A write occurs during the overlap of E low and W low. 

2. All write cycle timing is referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±500 mV from steady-state voltage with load in Figure IB. 

4. At any given voltage and temperature, tyyi 07 rnax is less than tyvHQX both for a given device and from device to device. 

5. Parameter is sampled and not 100% tested. 


A (ADDRESS) ^ 

^ tAVAV » 

r ~ ^ 

c : 


^ tAVWH ► 


““ tWHAX 

1 (CHIP ENABLE) 





‘WLWH ► 


W (WRITE ENABLE) 

— tAVWL ► 

1 

H tovWH ► 


- tWHDX 

”“"-'yxxxxx>q 

\XXX)( 


xxxxxx 

IWLQZ 

HIGH-Z 

\7vA HIGH-Z 


■ATWS— 

u lUA.A uuu WA 


\KKK) 

1 — twHQX 


AC TEST LOADS 



(Used for ail propagation delay tests 
except for high to high Z 
transitions.) 

Figure la. 



(Used only for propagation tests 
involving high to high Z transitions 
or vice versa.) 

Figure 1b. 


TIMING LIMITS 

The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are specified 
from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the device point of view. 
Thus, the access time Is shown as a 
maximum since the device never provides 
data later than that time. 
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MILITARY 6288 


WRITE CYCLE 2 (E Controlled; See Note 1) 


Parameter 

Symbol 

6288-35 

6288-45 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

twc 

30 

- 

40 

- 

ns 

2 

Address Setup Time 

tAVEL 

tAS 

0 

- 

0 

- 

ns 


Address Valid to End of Write 

tAVEH 

tAW 

30 

- 

40 

- 

ns 


Enable to End of Write 

tELEH 

tew 

30 

— 

35 

- 

ns 

3,4 

Write Pulse Width 

tWLEH 

twp 

30 

— 

40 

- 

ns 


Data Valid to End of Write 

tDVEH 

tDW 

15 

- 

20 

- 

ns 


Data Hold Time 

tEHDX 

tDH 

0 

- 

0 

- 

ns 


Write Recovery Time 

tEHAX 

tWR 

0 

- 

0 

- 

ns 



NOTES: _ _ 

1. A write occurs during the overlap of E low and W low. 

2. AIJ_write cycle timing is referenced frojri the last valid address to the first transitioning address. 

3. If E goes low coincident with or after W ^oes low, the output will remain in a high impedance condition. 

4. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition. 



Q (DATA OUT) * 


ORDERING INFORMATION 
(Order by Full Part Number) 


6288-35 / BXAJC 

^ Package Type 

Speed 

Part Number 


Available Speeds Available Packages in All Speeds 


35 ns X Sidebraze 22 pin 

45 ns U LCCC 22 terminal 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


TTL 1024 X 1-Bit Random 
Access Memory 

The 93415 is a 1024-bit ReadAA/rite RAM organized 1024 words by 1 bit. 

The 93415 is designed for buffer control storage and high performance main 
memory applications, and has a typical access time of 35 ns. 

The 93415 has full decoding on-chip, separate data input and data output 
lines, and an active low chip select. The device is fully compatible with standard 
DTL and TTL logic families and features an uncommitted collector output for 
ease of memory expansion. 

• Uncommitted Collector Output 

• TTL Inputs and Output 

• Non-Inverting Data Output 

• High Speed — 

Access Time — 35 ns Typical 
Chip Select — 15 ns Typical 

• Power Dissipation Decreases with Increasing Temperature 

• Power Dissipation 0.5 mW/Bit Typical 

• Organized 1024 Words x 1 Bit 

• Order as: 93415/BEAJC = Dual-ln-Line 

93415/BFAJC = Flat Pack 

BLOCK DIAGRAM 



Military 93415 


MPO 

iiiiiii 



CASE 620-09 
CERAMIC DUAL-IN-LINE 



CASE 650-05 
FLAT PACK 
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MILITARY 93415 


FUNCTIONAL DESCRIPTION 


The 93415 is a fully decoded 1024-bit Random Access 
Memory organized 1024 words by one bit. Bit selection 
is achieved by means of a 10-bit address, AO to A9. 

The Chip Select input provides for memory array 
expansion. For large memories, the fast chip select 
access time permits the decoding of Chip Select (CS) from 
the address without affecting system performance. 

The read and write operations are controlled by the 
stat e of the active low Write Enable (WE, Pin 14). With 
WE held low and the chip selected, the data at Djn is 
written into the addressed location. To read, WE is held 
high and the chip selected. Data in the specified location 
is presented at Dgut ^f^^l Is non-inverted. 

Uncommitted collector outputs are provided to allow 
wired-OR applications. In any application an external 
pull-up resistor of Rl value must be used to provide a 


high at the output when it is off. Any Ri_ value within the 
range specified below may be used. 

Vcc(Min) < p < Vcc(Min) - Vqh 
lOL - F0(1.6) '' L -- ndcEX) + FO(0.04) 

Rl is In kfl 

n = number of wired-OR outputs tied together 
FO = number of TTL Unit Loads (UL) driven 
•CEX Memory Output Leakage Current 
VoH = Required Output High Level at Output Node 
lOL = Output Low Current 

The minimum Rl value is limited by output current 
sinking ability. The maximum Rl value is determined by 
the output and input leakage current which must be sup- 
plied to hold the output at Vqih- Ofi® Unit Load = 40 fxA 
High/1.6 mA Low. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


TRUTH TABLE 


Storage Temperature 

Ceramic Package (E and F Suffix) 

-55°Cto -l-165°C 

Operating Junction Temperature, Tj 
Ceramic Package (E and F Suffix) 

<165°C 

Vcc Potential to Ground Pin 

-0.5 V to +7.0 V 

Input Voltage (dc) 

-0.5 V to +5.5 V 

Voltage Applied to Outputs 
(Output High) 

-0.5 V to +5.5 V 

Output Current (dc) (Output Low) 

+ 20 mA 

Input Current (dc) 

- 12 mA to +5.0 mA 


Inputs 

Output 

Mode 


WE 

Din 

Open 

Collector 

H 

X 

X 

H 

Not Selected 

L 

L 

L 

H 

Write "0" 

L 

L 

H 

H 

Write "1" 

_h_J 

H 

X 

Dput 

Read 


H = High Voltage Level 
L = Low Voltage Level 
X = Don't Care (High or Low) 


NOTE 1 : Device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 


GUARANTEED OPERATING RANGES (Note 2) 


1 Supply Voltage (Vcc) 

Ambient Temperature (T/^) 

Min 

Norn 

Max 

4.5 V 

5.0 V 

5.5 V 

-55°Cto +125°C 


DC OPERATING CONDITIONS AND CHARACTERISTICS (Full operating voltage and temperature range unless otherwise noted) 


Symbol 

Characteristic 

Limits 

Unit 

Conditions 

Min 

Max 

VOL 

Output Low Voltage 


0.45 

Vdc 

Vcc *OL = 

V|H 

Input High Voltage 

2.1 


Vdc 

Guaranteed Input High Voltage for All Inputs 

V|L 

Input Low Voltage 


0.8 

Vdc 

Guaranteed Input Low Voltage for All Inputs 

l|L 

Input Low Current 


-400 

/u.Adc 

Vcc = Max, Vjn = 0.4 V 

l|H 

Input High Current 


40 

fiAdc 

Vcc Max, Vjn = 4.5 V 

'CEX 

Output Leakage Current 


100 

fjiAdc 

Vcc = Max, Vout = 5.5 V 

VcD 

Input Diode Clamp Voltage 


-1.5 

Vdc 

Vcc ~ Max, Ijn = ~12 mA 

<CC 

Power Supply Current 


130 

mAdc 

Ta = +125°C 

Vcc = 5.5 V, 

All Inputs Grounded 


155 

mAdc 

Ta = 25°C 


170 

mAdc 

Ta = -55X 
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MILITARY 93415 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature unless otherwise noted) 

AC TEST LOAD AND WAVEFORM 


LOADING CONDITION 


INPUT PULSES 


Vcc 



300 0 


30 pF 

CAPACITANCE 
(INCLUDING 
SCOPE AND JIG) 


ALL INPUT PULSES 





93415/BE/BF 



Symbol 

Characteristic (Notes 2, 3) 

Min 

Max 

Unit 

Conditions 

READ MODE 

DELAY TIMES 



ns 


tACS 

Chip Select Time 


45 


See Test Circuit 

tRCS 

Chip Select Recovery Time 


50 


and Waveforms 

tAA 

Address Access Time 


60 



WRITE MODE 

tws 

tWR 

DELAY TIMES 

Write Disable Time 

Write Recovery Time 


45 

50 

ns 

See Test Circuit 
and Waveforms 


INPUT TIMING REQUIREMENTS 



ns 


tw 

Write Pulse Width (to guarantee write) 

40 




tWSD 

Data Setup Time Prior to Write 

5.0 




tWHD 

Data Hold Time After Write 

5.0 



See Test Circuit 

tWSA 

Address Setup Time (at tyy = Min) 

15 



and Waveforms 

tWHA 

Address Hold Time 

10 




twscs 

Chip Select Setup Time 

5.0 




tWHCS 

Chip Select Hold Time 

5.0 





READ OPERATION TIMING DIAGRAM 


PROPAGATION DELAY FROM CHIP SELECT 


PROPAGATION DELAY FROM ADDRESS INPUTS 




(ALL TIME MEASUREMENTS REFERENCED T0 1.5 V) 
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MILITARY 93415 


WRITE CYCLE TIMING 



NOTE 2: DC and AC specifications limits guaranteed with 500 linear feet per minute blown air. 



0JA (Junction to 
Ambient) 


Package 

Blown 

Still 

Bjq (Junction to Case) 

E Suffix 

50°C/W 

85°C/W 

15°C/W 

F Suffix 

55°C/W 

90°C/W 

15°C/W 


NOTE 3: The AC limits are guaranteed to be the worst case bit in the 
memory. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


TTL 256 X 4-Bit 
Random Access Memory 

The 93422 Series are 1024-bit ReadAA/rite RAMs, organized 256 words by 4 
bits, designed for high performance main memory and control storage 
applications. 

They have full decoding on-chip, separate data input and data output lines, an 
active low-output enable, write enable, and two chip selects, one active high, 
one active low. These memories are fully compatible with standard TTL logic 
families. A three-state output is provided to drive bus-organized systems and/or 
highly capacitive loads. 

• Three-State Outputs 

• Non-Inverting Data Outputs 

• Power Dissipation — 0.26 mW/Bit Typical 

• Standard 22-Pin, 400 Mil Wide Package 

• Power Dissipation Decreases with Increasing Temperature 

• Organized 256 Words x 4 Bits 

• Two Chip Select Lines for Memory Expansion 

• Address Access Time: 93422 — 60 ns Max 

93L422A — 55 ns Max 
93L422 — 75 ns Max 


Military 93422 
93L422,A 


MPO 

uiiin 



W SUFFIX 
CASE 736-05 
CERAMIC 


BLOCK DIAGRAM 


OO 01 02 03 18 



A3 A4 A5 A6 A7 


AO A1 A2 


OE 

CS1 


WE 


PIN ASSIGNMENT 

A3 E 

1 • 

22 

] vcc 

A2 [ 

2 

21 

] A4 

A1 [ 

3 

20 

] WE 

AO [ 

4 

19 

] CSO 

A5 E 

5 

18 

] ^ 

A6 E 

6 

17 

] CS1 

A7 [ 

7 

16 

] 03 

GND [ 

8 

15 

] D3 

DO [ 

9 

14 

] 02 

OO [ 

10 

13 

] D2 

D1 £ 

11 

12 

] 


PIN NAMES 


CSO, CS1 Chip Selects 

A0-A7 Address Inputs 

OE Output Enable 

WE Write Enable 

D0-D3 Data Inputs 

00-03 Data Outputs 
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MILITARY 93422*93L422,A 


FUNCTIONAL DESCRIPTION 


The 93422 Series are fully decoded 1024-bit random 
access memories organized 256 words by 4 bits. Word 
selections are achieved by means of an 8-bit address, 
A0-A7. 

The Chip Select (CSO and CS1 ) inputs provide for mem- 
ory array expansion. For large memories, the fast chip 
select time permits the decoding of chip select from the 
address without increasing address access time. 

The read and write operations are controlled by the 
state of the active low Write Enable (WE, Pin 20). With 
WE and CSO held low and the CS1 held high, the data at 
Dp Is written into the addressed location. To read, WE 
and CS1 are held high and CSO is held low. Data in the 
specified location is presented at the output (00-02) and 
is non-Inverted. 

The three-state outputs provide drive capability for 
higher speeds with capacitive load systems. The third 
state (high impedance) allows bus-organized systems 
where multiple outputs are connected to a common bus. 

During writing, the output is held in a high-impedance 
state. 


GUARANTEED OPERATING RANGES 


Part Number 

Supply Voltage (Vqc) 

Ambient 
Temp. (Ta) 

Min 

Nom 

Max 

93422/BWAJC 

93L422/BWAJC 

93L422A/BWAJC 

4.5 V 

5.0 V 

5.5 V 

— 55°C to 
+ 125X 


ABSOLUTE MAXIMUM RATINGS* 


Storage Temperature 

Ceramic Package (W Suffix) 

-65°Cto +150°C 

Operating Junction Temperature, T j 
Ceramic Package (W Suffix) 

<165°C 

Vcc Pin Potential to Ground Pin 

-0.5 V to 4-7.0 V 

Input Voltage (dc) 

-0.5 V to -H5.5 V 

Voltage Applied to Outputs 
(Output High) 

-0.5 V to -F5.5 V 

Output Current (dc) (Output Low) 

+ 20 mA 

Input Current (dc) 

- 12 mA to +5.0 mA 


•Device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. 


TRUTH TABLE 


Inputs 

Output 

Mode 

OE 

CSO 

CS1 

WE 

D0-D3 

00-03 

X 

H 

X 

X 

X 

High Z 

Not Selected 

X 

X 

L 

X 

X 

High Z 

Not Selected 

X 

L 

H 

L 

L 

High Z 

Write "0" 

X 

L 

H 

L 

H 

High Z 

Write "1" 

H 

X 

X 

X 

X 

High Z 

Output Disabled 

L 

L 

H 

H 

X 

00-03 

Read 


H = High Voltage Level 
L = Low Voltage Level 
X = Don't Care (High or Low) 


DC OPERATING CONDITIONS AND CHARACTERISTICS 


(Full operating voltage and temperature range) 


Symbol 

Characteristic 

Limits 

Units 

Conditions 

Min 

Max 

VOL 

Output Low Voltage 

- 

0.45 

Vdc 

Vcc = 'OL = 8.0 mA 

V|H 

Input High Voltage 

2.1 

— 

Vdc 

Guaranteed Input High Voltage for All Inputs 

V|L 

Input Low Voltage 

- 

0.8 

Vdc 

Guaranteed Input Low Voltage for All Inputs 

l|L 

Input Low Current 

-0.01 

-300 

/liAdc 

Vcc = Vin = 0.45 V 

l|H 

Input High Current 

— 

40 

/xAdc 

Vcc = Vjn = 5.5 V 

•off 

Output Current (High Z) 



50 

-50 

jLtAdc 

Vcc = Max, Vout = 2.4 V 

Vcc = Max, Vout = 0.45 V 

•os 

Output Current Short Circuit to Ground 

-10 

-70 

mAdc 

Vcc = Max (Note 1) 

Vqh 

Output High Voltage 

2.4 

— 

Vdc 

Vcc = Min, Iqh = “5.2 mA 

V|K 

Input Diode Clamp Voltage 

- 

-1.5 

Vdc 

Vcc = Max, Ijn = -10 mA 

•cc 

1 

Power Supply Current 

93422 

— 

130 

mAdc 

Ta = +125X 

Vcc = 5.5 V, 

All Inputs Grounded 

- 

155 

mAdc 1 

Ta = +25°C 

— 

170 

mAdc ! 

Ta = -55°C 

93L422A 

93L422 

- 

70 

mAdc 

Ta = +125°C 

— 

80 

mAdc 

Ta = +25°c 

- 

90 

mAdc 

Ta = -55X 
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MILITARY 93422*93b422,A 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range) 

AC TEST LOAD AND WAVEFORMS 


LOADING CONDITIONS 


Vcc 


Dflut 


a 'p 


30 pF 


^out . 


1 . 




30 pF 


(CAPACITANCE INCLUDES 

SCOPE AND TEST FIXTURE) LOAD B 


INPUT PULSES 


ALL INPUT PULSES 




Characteristic 

93422/BWAJC 

93L422/BWAJC 

93L422A/BWAJC 


Symbol 

(Notes 1, 2, 3, 4, 5) 

Min 

Max 

Min 

Max 

Min 

Max 

Unit 

READ MODE 
tACS 

DELAY TIMES 

Chip Select Time 


45 


45 


40 

ns 

tZRCS 

Chip Select to High Z 

— 

45 

— 

45 

— 

40 


tAOS 

Output Enable Time 

— 

45 

— 

45 

— 

40 


tZROS 

Output Enable to High Z 

— 

45 

— 

45 

— 

40 


tAA 

Address Access Time 

— 

60 

— 

75 

— 

55 


WRITE MODE 

tzws 

DELAY TIMES 

Write Disable to High Z 


45 


45 


45 

ns 

tWR 

Write Recovery Time 


50 

— 

50 

~ 

45 


tw 

INPUT TIMING REQUIREMENTS 

Write Pulse Width 

30 


30 


40 


ns 

tWSD 

(to guarantee write) 

Data Setup Time Prior 

5.0 



5.0 



5.0 




tWHD 

to Write 

Data Hold Time After Write 

5.0 

_ 

5.0 

_ 

5.0 

_ 


tWSA 

Address Setup Time 

10 

— 

10 

— 

10 

— 


tWHA 

(at tyv = Min) 

Address Hold Time 

10 



10 



5.0 




twscs 

Chip Select Setup Time 

5.0 

— 

5.0 


5.0 

— 


tWHCS 

Chip Select Hold Time 

5.0 


5.0 

— 

5.0 

■ ^ 



NOTES: 

1. Output short circuit conditions must not exceed 1.0 second duration. 

2. The maximum address access time is guaranteed to be the worst-case bit in the memory, 

3. Load A used to measure transitions between logic levels and from High Z state to logic Low state. 

Load B used to measure transitions between High Z state to logic High state. 

Load C used to measure transitions from either logic High or Low state to High Z state. 

4. All time measurements are referenced to +1.5 Vdc except transitions into the High Z state where outputs are referenced to a delta of 0.5 Vdc 
from the logic level using Load C. 

5. See test circuit and waveforms. 
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MILITARY 93422*93L422,A 


READ OPERATION TIMING DIAGRAM 

(All Time Measurements Referenced to 1.5 V) 


PROPAGATION DELAY FROM CHIP SELECT 


CS1 

CHIP SELECT 


3-STATE 


00-03 

DATA OUTPUT 
LOAD A 

00-03 

DATA OUTPUT 
LOADS 



PROPAGATION DELAY FROM ADDRESS INPUTS 


A0-A7 

ADDRESS INPUTS 


I 



00-03 

DATAOUPUT 




tAA ^ 


PROPAGATION DELAY FROM OUTPUT ENABLE 


OE 

OUTPUT ENABLE 
00-03 

DATA OUTPUT 
LOAD A 

3-STATE 

00-03 

DATA OUTPUT 
LOADS 




HIGHZ 

tAOS — *-1 
HIGHZ 


j~ 


WRITE CYCLE TIMING 


cs 

CHIP SELECT 




A0-A7 

ADDRESS 


D0-D3 
DATA INPUT 


WE 

WRITE ENABLE 



tWSA 


K- tWHA 



^ twscs H 


00-03 

LOAD A 

HIGHZ 

DATA OUTPUT 


► 


LOADS 

HIGHZ 




tWHCS 


tWR 


.1 


(ALL ABOVE MEASUREMENTS REFERENCE T0 1.5 V) 
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MILITARY 93422*93L422,A 


WRITE ENABLE TO HIGH Z DELAY 


5V 



WE 

WRITE ENABLE 


00-03 

DATA OUTPUT 


00-03 

DATA OUTPUT 


tzws— 


y 


"0" LEVEL 


"1" LEVEL 


0.5 V 



HIGHZ 

HIGHZ 


PROPAGATION DELAY FROM CHIP SELECT TO HIGH Z PROPAGATION DELAY FROM OUTPUT ENABLE TO HIGH Z 


CS1 

rUID OCI CPT _ 1 


CSO 

CHIP SELECT i 

' 

K 1.5 V 

00-03 

DATA OUTPUT "0''LEV[ 

1 tZRCS 

-J 

CL HIGHZ 

— 0.5 V 

"1" LEVEL 1 

, — 0.5 V 

HIGHZ 

00-03 

DATA OUTPUT 


OE 

OUTPUT ENABLE 


00-03 

DATA OUTPUT 


00-03 — 

DATA OUTPUT 




HIGHZ 

HIGHZ 


(ALL tzxxx parameters ARE MEASURED AT A DELTA OF 0.5 V FROM THE LOGIC LEVEL AND USING LOAD C.) 


Package 

^JA (Junction to 
Ambient) 

OjC (Junction to Case) 

Blown* 

Still 

W Suffix 

50°C/W 

75X/W 

15°C/W 


*500 linear ft. per minute blown air. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


TTL 1024 X 1-Bit 
Random Access Memory 

The 93425 is a 1024-bit ReadAA/rite RAM, organized 1024 words by 1 bit. 

The 93425 is designed for high performance main memory and control stor- 
age applications and has a typical address time of 35 ns. 

The 93425 has full decoding on-chip, separate data input and data output 
lines, and an active low-chip select and write enable. The device is fully compat- 
ible with standard DTL and TTL logic families. A three-state output is provided 
to drive bus-organized systems and/or highly capacitive loads. 

• Three-State Output 

• TTL Inputs and Output 

• Non-Inverting Data Output 

• High Speed — 

Access Time — 35 ns Typical 
Chip Select — 15 ns Typical 

• Power Dissipation — 0.5 mW/Bit Typical 

• Power Dissipation Decreases With Increasing Temperature 

• Order as Part Number: 93425/BEAJC = Dual-In-Line 

93425/BFAJC = Flat Pack 


BLOCK DIAGRAM 



NOTE: Logic driving sense amp/write drivers depicts 
negative-only write used on C4m. 


Military 93425 


MPO 

mini 



CASE 620-09 
CERAMIC DUAL-IN-LINE 



CASE 650-05 
FLAT PACK 




PIN NAMES 


CS Chip Select 

A0-A9 Address Inputs 

WE Write Enable 

Djn Data Input 

Dout Dats Output 
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MILITARY 93425 


FUNCTIONAL DESCRIPTION 


The 93425 is a fully decoded 1024-bit Random Access 
Memory organized 1 024 words by one bit. Word selection 
is achieved by means of a 10-bit address, A0-A9. 

The Chip Select (CS) input provides for memory array 
expansion. For large memories, the fast chip select time 
permits the decoding of chip select from the address 
without increasing address access time. 

The read and write operations are controlled by the 
stat e of active low Write Enable (WE, Pin 14). With 
WE and CS held low, the data at Djn is written into the 


addressed location. To read, WE is held high and CS held 
low. Data in the specified location is presented at Dout 
and is non-inverted. 

The three-state output provides drive capability for 
higher speeds with capacitive load systems. The third 
state (high impedance) allows bus organized systems 
where multiple outputs are connected to a common bus. 

During writing, the output is held in the high- 
impedance state. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


TRUTH TABLE 


Storage Temperature 

Ceramic Package (E and F Suffix) 

-55°Cto +165X 

Operating Junction Temperature, Tj 
Ceramic Package (E and F Suffix) 

<165X 

Vcc Piri Potential to Ground Pin 

-0.5 V to +7.0 V 

Input Voltage (dc) 

-0.5 V to +5.5 V 

Voltage Applied to Outputs 
(Output High) 

-0.5 V to +5.5 V 

Output Current (dc) (Output Low) 

+ 20 mA 

Input Current (dc) 

- 1 2 m A to + 5.0 mA 


Inputs 1 

Output 

Mode 

CS 

WE 

Din 

Dout 

H 

X 

X 

High Z 

Not Selected 

L 

L 

L 

High Z 

Write "0" 

L 

L 

H 

High Z 

Write "1” 

L 

H 

X 

Dout 

Read 


H = High Voltage Level 
L = Low Voltage Level 
X = Don’t Care (High or Low) 


NOTE 1 : Device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 


GUARANTEED OPERATING RANGES (Notes 2 and 3) 


Supply Voltage (Vcc) 

Ambient Temperature (T/^) 

Min 

Nom 

Max 

4.5 V 

5.0 V 

5.5 V 

-55°Cto +125°C 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature range unless otherwise noted) 


Symbol 

— 

Characteristic 

Limits 

Units 

Conditions 

Min 

Max 

VOL 

Output Low Voltage 


0.45 

Vdc 

Vcc = Min, Iql = 16 mA 

V|H 

Input High Voitge 

2.1 


Vdc 

Guaranteed Input High Voltage for All Inputs 

V|L 

Input Low Voltage 


0.8 

Vdc 

Guaranteed Input Low Voltage for All Inputs 

l|L 

Input Low Current 


-400 

/iAdc 

Vcc = Max, Vjn = 0.45 V 

l|H 

Input High Current 


40 

fxAdc 

Vcc = Max, Vin = 5.5 V 

'off 

Output Current (High Z) 


50 

fxAdc 

Vcc = Max, Vout = 4.5 V 


-50 

Vcc = Max, Vout = 0-45 V 

los 

Output Current Short Circuit to Ground 

-20 

-100 

mAdc 

Vcc = Max 

VOH 

Output High Voltage 

2.4 


Vdc 

Iqh = “6.2 mA 

VCD 

Input Diode Clamp Voltage 


-1.5 

Vdc 

Vcc Max, Ijn = -12 mA 

icc 

Power Supply Current 


130 

mAdc 

Ta = +125X 

Vcc = 5.5 V, 

All Inputs Grounded 


155 

mAdc 

Ta = 25°C 


170 

mAdc 

Ta = -55°C 
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MILITARY 93425 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Full operating voltage and temperature unless otherwise noted) 

AC TEST LOAD AND WAVEFORMS 


LOADING CONDITIONS 


INPUT PULSES 


Vcc 



93425 


Dout 



X 

i 


30 pF 


LOADS 


ALL INPUT PULSES 



(«•— 10 ns — ►( — 10 ns 



— — 10 ns — ►! (-« — 10 ns 


Symbol 

Characteristic (Notes 2, 4) 

93425/BE/BF 

Units 

Conditions 

Min 

Max 

READ MODE 

DELAY TIMES 



ns 


tACS 

Chip Select Time 


45 


See Test Circuit 

tZRCS 

Chip Select to High Z 


50 


and Waveforms 

tAA 

Address Access Time 


60 



WRITE MODE 

DELAY TIMES 



ns 


tws 

Write Disable to High Z 


45 


See Test Circuit 
and Waveforms 

tWR 

Write Recovery Time 


50 




INPUT TIMING REQUIREMENTS 



ns 


tw 

Write Pulse Width (to guarantee write) 

40 




tWSD 

Data Setup Time Prior to Write 

5.0 




tWHD 

Data Hold Time After Write 

5.0 



See Test Circuit 

tWSA 

Address Setup Time (at tyy = Min) 

15 



and Waveforms 

tWHA 

Address Hold Time 

10 




twscs 

Chip Select Setup Time 

5.0 




tWHCS 

Chip Select Hold Time 

5.0 





READ OPERATION TIMING DIAGRAM 

PROPAGATION DELAY FROM CHIP SELECT PROPAGATION DELAY FROM ADDRESS INPUTS 


CS 

CHIP SELECT 

^out 
LOAD A 

^out 

LOADS 




tACS- 




J 



(ALL TIME MEASUREMENTS REFERENCED TO 1.5 V) 


MOTOROLA MEMORY DATA 


8-43 







MtLtTARY 93425 


WRITE CYCLE TIMING 


cs 

CHIP SELECT 


A0-A9 

ADDRESS 


^in 

DATA INPUT 


WE 

WRITE ENABLE 


Dout 

DATA OUTPUT 




/ 


X 


X 


X 


tWSD- 
- tWSCS ■ 




tWSA - 


iv 




-tWHD 


LOAD A HIGHZ 

LOADB HIGHZ 

(ALL ABOVE MEASUREMENTS REFERENCE TO 1.5 V) 


"V 


WRITE ENABLE TO HIGH Z DELAY 



WE 

WRITE ENABLE 


tzws — ^ 


y 


Dout 

DATA OUTPUT 


0.5 V 
0.5 V 


PROPAGATION DELAY FROM CHIP SELECT TO HIGH Z 


cs 

r~ — ~ 


CHIP SELECT ; 

tl.5V 


— ^ 

tZRCS 1 

4 

Dout 


i 

DATA OUTPUT "0" LEVEL 

^ — 0.5 V 

"1" LEVEL 


Dout 


0.5 V 

DATA OUTPUT 


V... _ — _ — 


(ALL tzxxx PARAMETERS ARE MEASURED AT A DELTA OF 0.5 V FROM THE LOGIC LEVEL AND USING LOAD C) 

NOTE 2: DC and AC specifications limits guaranteed with 500 linear feet per minute Llown air. 



0JA (Junction to 
Ambient) 


Package 

Blown 

Still 

0JC (Junction to Case) 

E Suffix 

50°C/W 

85X/W 

15X/W 

F Suffix 

55°C/W 

90X/W 

15X/W 


NOTE 3: Output short circuit conditions must not exceed 1 second duration. 

NOTE 4: The maximum address access time is guaranteed to be the worst case bit in the memory. 
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Reliability Information 
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MOTOROLA CORPORATE QUALITY GOAL 


IMPROVE PRODUCT AND SERVICES QUALITY TEN TIMES BY 1989 
AND AT LEAST ONE HUNDRED FOLD BY 1991. 

ACHIEVE SIX SIGMA CAPABILITY BY 1992. 

With a deep sense of urgency, spread dedication to quality to every facet of the 
corporation and achieve a culture of continual improvement to ASSURE TOTAL 
CUSTOMER SATISFACTION. There is only one ultimate goal: zero defects in every- 
thing ^ve do. 

signed: 


BOB GALVIN 

Chairman 

BILL WEISZ 

Vice Chairman 

JOHN MITCHELL 
President 

GEORGE FISHER 

Deputy to Chief 

Executive Office 

GARY TOOKER 

Chief to Corporate 

Staff Officer 

JACK GERMAIN 
Motorola Director 
of Quality 

JIM LINCICOME 
Government Electronics 
Group 

CARL LINDHOLM 
International 

Operations 

LEVY KATZIR 
New Enterprises 

JIM NORLING 
Semiconductor Products 
Sector 

STEVE LEVY 

Japanese Operations 

DON JONES 

Chief Financial 
Officer 

JIM DONNELLY 

Personnel 

RAY FARMER 
Communications Sector 

ED STAIANO 
General Systems 
Group 


GERHARD SCHULMEYER 
Automotive & Industrial 
Electronics Group 
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DIVISION QUALITY STATEMENT 
MOTOROLA MOS MEMORY PRODUCTS DIVISION 

COMMITMENT TO SIX SIGMA 
WORLD CLASS 

The Memory Products Division staff are pleased to announce our commitment to be a 
World Class MOS Memory supplier. This means more bullet proof designs which can tolerate 
handling, processes at the limit and beyond, and outstanding control of the manufacturing 
processes such that a product design which is marginal will still yield consistent quality 
performance. 

The Memory Products Division fully endorses the Motorola Corporate goal of improving 
product and service quality ten times by 1989 and one hundred fold by 1991. 

Through our quality improvement process using SIX SIGMA methodology we can and will 
accomplish being the best memory supplier through WORLD CLASS product margins and ser- 
vices in their truest sense. 

ENDORSEMENTS: 


Jim George 



Bud Broeker Bill Bowers ^ Jim Eachus 


Weldon Knape Roger Kung 



Bill Pfaff 
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( SIX SIGMA 



OUR SIX SIGMA CHALLENGE 
WHAT IS SIX SIGMA? 

Six Sigma is the required capability level to approach the 
Standard. The Standard is Zero Defects. Our goal is to be 
best-in-ciass in Product, Sales, and Service. 

WHY SIX SIGMA? 

The performance of a product is determined by how much 
margin exists between the process characteristics required by 
the design, and the actual value of those characteristics. These 
characteristics are produced by processes in the factory, and 
at the suppliers. 

Each process attempts to reproduce its characteristics iden- 
tically from unit to unit, but within each process some variation 
does occur. For some processes, such as those which use 
real-time feedback to control the outcome, the variation is 
quite small, and for others it may be quite large. 

Variation of the process is measured in Standard Deviations 
(Sigma) from the Mean. The normal variation, defined as pro- 
cess width, is ±3 Sigma about the mean. 


Approximately 2,700 parts per million parts/steps will fall 
outside the normal variation of ±3 Sigma, see Figure 1. This, 
by itself, does not appear disconcerting. However, when we 
build a product containing 1,200 parts/steps, we can expect 
3.24 defects per unit (1200x0.0027), on an average. This 
would result in a rolled yield of less than 4%, which means 
fewer than 4 units out of every hundred would go through the 
entire manufacturing process without a defect, see Table 1 . 

Thus, we can see that for a product to be built virtually 
defect-free, it must be designed to accept characteristics that 
are significantly more than ±3 Sigma away from the Mean. 

It can be shown that a design that can accept tvyice the 
normal variation of the process, or ±6 Sigma, can be ex- 
pected to have no more than 3.4 parts per million defective 
for each characteristic, even if the process mean were to shift 
by as much as ±1.5 Sigma, see Figure 1 . To quantify this. 
Capability Index (Cp) is used, where: 

r _ design specification width 
process width 



Table 1. Rolled Yield 


TOTAL 

ROLLED 

DEFECTS 

THROUGHPUT 

PER UNIT 

YIELD (%) 

5.3 

0.5 

4.6 

1.0 

3.9 

2.0 

3.5 

3.0 

3.2 

4.0 

3.0 

5.0 

2.3 

10 

1.9 

15 

1.6 

20 

1.4 

- 25 

1.2 

30 

1.0 

37 

0.9 

40 

0.8 

45 

0.7 

50 

0.6 

55 

0.51 

— 60 

0.43 

65 

0.36 

70 

0.29 

75 

0.22 

80 

0.16 

85 

0.10 

_ 90 

0.05 

95 

0.00 

100 


ROLLED THROUGHPUT YIELD (%)= 100 e-*!/" 
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A design specification width of ±6 Sigma and a process 
width of ± 3 Sigma yields a Cp of 12/6 = 2. However, as shown 
in Figure 2, the process mean can shift. When the process 
mean is shifted with respect to the design target mean, the 
Capability Index is adjusted with a factor k, and becomes Cpk. 
Cpk=Cp(1 -k), where: 

^ process shift 

"design specification width /2 

The k factor for ±6 Sigma design with a 1.5 Sigma process 
shift = 1.5/(12/2) = 0.25, and the Cpk =2(1 -0.251 = 1.5. 

In the same case of a product containing 1,2(X) parts/steps, 
we would now expect only 0.0041 defects per unit 
(1200 x 0.0000034). This would mean that 996 units out of 
1 ,000 would go through the entire manufacturing process with- 
out a defect (see Table 2). 

It Is our five year goal to achieve ± 6 Sigma capability In 
Product, Sales, and Service. 


Table 2. Overall Yield vs Sigma 
(Distribution Shifted ±1.5 a) 


NUMBER OF 

±3 a 

±4 or 

±5 a 

±6 a 

PARTS (STEPS) 

(%) 

{%) 

(%) 

(%) 

1 

93.32 

99.379 

99.9767 

99.99966 

7 

61.63 

95.733 

99.839 

99.9976 

10 

50.08 

93.96 

99.768 

99.9966 

20 

25.08 

88.29 

99.536 

99.9932 

40 

6.29 

77.94 

99.074 

99.9864 

60 

1.58 

68.81 

98.614 

99.9796 

80 

0.40 

60.75 

98.156 

99.9728 

100 

0.10 

53.64 

97.70 

99.966 

150 

- 

39.38 

96.61 

99.949 

200 

- 

28.77 

95.45 

99.932 

300 

- 

15.43 

93.26 

99.898 

400 

- 

8.28 

91.11 

99.864 

500 

- 

4.44 

89.02 

99.830 

600 

- 

2.38 

86.97 

99.796 

700 

- 

1.28 

84.97 

99.762 

800 

- 

0.69 

83.02 

99.729 

900 

- 

0.37 

81.11 

99.695 

1000 

- 

0.20 

79.24 

99.661 

1200 

- 

0.06 

75.88 

99.593 

3000 

- 

- 

50.15 

98.985 

17000 

- 

- 

0.02 

94.384 

38000 

- 

- 

- 

87.880 

70000 

- 

- 

- 

78.820 

150000 

- 

- 

- 

60.000 


MEAN 



Figure 2a. Four Sigma Capability 


MEAN 



Figure 2b. Six Sigma Capability 
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QUALITY MONITORING 


RELIABILITY STRESS TESTS 


Average Outgoing Quality (AOQ) refers to the number of 
devices per million that are outside specification limits at the 
time of shipment. Motorola has continually improved its out- 
going quality, and has established a goal of zero defects. This 
level of quality will lead to vendor certification programs with 
many of our customers. The program ensures a certain level 
of quality, thus allowing a customer to either reduce or elim- 
inate the need for incoming inspections. 

By paying strict attention to quality at an early stage, the 
possibility of failures occurring further down the line is greatly 
minimized. Motorola's electrical parametric testing eliminates 
devices that do not conform to electrical specification. Ad- 
ditional parametric testing on a sample basis provides data for 
continued improvement. 

AVERAGE OUTGOING QUALITY (AOQ) CALCULATION 


AOQ in PPM = (Process Average) 

•(Lot Acceptance Rate) *(106) 


Process Average = 


Total Projected Reject Devices * 
Total Number of Devices 


Projected Reject Devices = 


Defects in Sample 
Sample Size 


• Lot Size 


Total Number of Devices = Sum of all the units in each 
submitted lot 


Lot Acceptance Rate = 1 - 


Number of Lots Rejected 
Number of Lots Tested 


106 = Conversion to parts per million (PPM) 


The following summary gives brief descriptions of the var- 
ious reliability tests included in both reliability qualification and 
monitor programs. Not all of the tests listed are perfbrmed by 
each program and other tests can be performed when appro- 
priate. Refer to Table 3. 


Table 3. Stresses and Typical Stress Conditions 


Stress 

Typical Stress Condition 

High Temperature Operating Life, 
Dynamic or Static 

125°C, 6.0 V 

Temperature Cycle 

-65°Cto +150°C 

Air to Air 

Thermal Shock 

-65°C to +150°C 

Liquid to Liquid 

Temperature Humidity Bias 

85°C, 85% RH, 5.0 V 

Autoclave 

121°C, 100% RH, 15 psig 

Pressure Temperature Humidity 

Bias 

148°C, 90% RH, 

44 psig, 5.0 V 

Low Temperature Operating Life 

0°C/25°C, 6.0 V 


HIGH TEMPERATURE OPERATING LIFE 

High temperature operating life (HTOL or HTRB) testing is 
performed to accelerate failure mechanisms that are thermally 
activated through the application of extreme temperatures and 
the use of biased operating conditions. The temperature and 
voltage conditions used in the stress will vary with the product 
being stressed. However, the typical stress ambient is 125°C 
with the bias appiied equal to or greater than the data sheet 
nominal value. All devices used in the HTOL test are sampled 
directly after final electrical test with no prior burn-in or other 
prescreening unless called out in the normal production flow. 
Testing can either be performed with dynamic signals applied 
to the device or in a static bias configuration. 


MARKING PERMANENCY, HERMETICITY, AND 
SOLDERABILITY MONITORS 

Marking permanency testing is performed per Motorola 
specification. The procedure involves soaking the device in 
various solvents, brushing the markings, and then inspecting 
the markings for legibility. 

Hermeticity monitoring includes tests for both fine and gross 
leaks in the hermetic package seal. 

Solderability testing is used to ensure that device leads can 
be soldered without voids, discoloration, flaking, dewetting, 
or bridging. Typically, the test specifies steam preconditioning 
followed by a 235° to 260° C solder dip and microscope in- 
spection of the leads. 

RELIABILITY MONITORING 

Motorola recognizes the need to monitor established MOS 
Memory products to maintain the level of quality and reliability 
demonstrated through the internal and joint qualification pro- 
cesses. Motorola maintains a system of monitor programs that 
provide monthly feedback on the extensive matrix of Motorola 
fabrication, assembly, and testing technologies that produce 
our products. As with qualification activity, great care is taken 
to assure the accuracy and quality of the data generated. 


TEMPERATURE CYCLE 

Temperature cycle testing accelerates the effects of thermal 
expansion mismatch among the different components within 
a specific die and packaging system. This test is typically 
performed per MIL-STD-883 or MIL-STD-750 with the mini- 
mum and maximum temperatures being - 65°C and + 150°C. 
During temperature cycle testing, devices are inserted into a 
cycling system and held at the cold dwell temperature for at 
least ten minutes. Following this cold dwell, the devices are 
heated to the hot dwell where they remain for another ten 
minute minimum time period. The system employs a circulating 
air environment to assure rapid stabilization at the specified 
temperature. The dwell at each extreme, plus the two transition 
times of five minutes each (one up to the hot dwell temper- 
ature, another down to the cold dwell temperature), constitute 
one cycle. Test duration for this test will vary with device and 
packaging system employed. 

THERMAL SHOCK 

The objective of thermal shock testing is the same as that 
for temperature cycle testing— to emphasize differences in 
expansion coefficients for components of the packaging sys- 
tem. However, thermal shock provides additional stress in that 


*AII rejects: visual, mechanical, and electrical (dc, ac, and high/low 
temperature). 
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the device is exposed to a sudden change in temperature due 
to the transfer time of ten seconds maximum as well as the 
increased thermal conductivity of a liquid ambient. This test 
is typically performed per MIL-STD-883 or MIL-STD-750 with 
the minimum and maximum temperatures being -65°C and 
+ 150°C. Devices are placed in a fluorocarbon bath and cooled 
to minimum specified temperature. After being held in the cold 
chamber for five minutes minimum, the devices are transferred 
to an adjacent chamber filled with fluorocarbon at the maxi- 
mum specified temperature for an equivalent time. Two five- 
minute dwelis plus two ten-second transitions constitute one 
cycle. 

TEMPERATURE HUMIDITY BIAS 

Temperature humidity bias (THB or H^TRB) is an environ- 
mental test performed at a temperature of 85°C and a relative 
humidity of 85% . The test is designed to measure the moisture 
resistance of plastic encapsulated circuits. A nominal static 
bias is applied to the device to create the electrolytic cells 
necessary to accelerate corrosion of the metallization. 

AUTOCLAVE 

Autoclave is an environmental test which measures device 
resistance to moisture penetration and the resultant effects of 
galvanic corrosion. Conditions employed during the test in- 
clude 121 °C, 100% relative humidity, and 15 psig. Corrosion 
of the die is the expected failure mechanism. Autoclave is a 
highly accelerated and destructive test. 

PTHB (PRESSURE-TEMPERATURE-HUMIDITY-BIAS) 

This test is performed to accelerate the effects of moisture 
penetration with the dominant effect being corrosion. The test 
detects similar failure mechanisms as THB but at a greatly 
accelerated rate. Conditions usually employed during the test 
are a temperature of 148°C, pressure of 44 psig or greater, a 
relative humidity of 90%, and a bias level which is the nominal 
rating of the device. 

LOW TEMPERATURE OPERATING LIFE 

This test is performed primarily to accelerate hot carrier 
injection effects in semiconductor devices by exposing them 
to room ambient or colder temperatures with the use of biased 
operating conditions. Threshold shifts or other parametric 
changes are typically the basis for failure. The length of this 
test will vary with temperature and bias conditions employed. 

SYSTEM SOFT ERROR 

System soft error is designed to detect errors caused by 
impact ionization of silicon by high energy particles. This stress 
is performed on a system level basis. The system is operated 
for millions of device hours to obtain an accurate measure of 
actual system soft error performance. 

MECHANICAL SHOCK 

This test is typically performed per MIL-STD-883 or MIL- 
STD-750 and is used to examine the ability of the device to 
withstand a sudden change in mechanical stress typically due 
to abrupt changes in motion as seen in handling, transpor- 
tation, or actual use. The typical test condition would be as 
follows: acceleration = 1500 g, orientation = Y1 plane, t=0.5 
ms, and number of pulses = 5. 


VARIABLE FREQUENCY VIBRATION 

This test is typically performed per MIL-STD-883 or MIL- 
STD-750 and is used to examine the ability of the device to 
withstand deterioration due to mechanical resonance. The typ- 
ical test condition is: peak acceleration =20 g, frequency 
range =20 Hz to 20 kHz, and t=48 minutes. 

CONSTANT ACCELERATION 

This test is typically performed per MIL-STD-883 or MIL- 
STD-750 and is used to indicate structural or mechanical weak- 
nesses in a device/packaging system by applying a severe 
mechanical stress. A typical test condition used is as follows: 
stress level = 30 kg, orientation = Y1 plane, and t=1 minute. 

QUALITY SYSTEMS 

A Global Quality System is key to achieving our goal of 
"Best In Class". Quality systems are implemented in wafer 
fabrication, assembly, final test, and distribution world wide. 
Figure 3 depicts Quality Assurance invoivement and the tech- 
niques applied in the general flow of product and Figure 4 
shows Memory Manufacturing locations world wide. 
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Figure 3. General Product Flow 


Direct Customer interaction ensures the receipt of product 
that meets all of their requirements 100% of the time. In fact, 
the MOS Memories Reliability and Quality Assurance depart- 
ment has devised a customer advocate list that assigns key 
Reliability and Quality Assurance personnel to specific cus- 
tomers in order to facilitate any inquiry regarding quality, re- 
liability, or any other issue they may want to discuss. 

All processes and procedures that relate to the manufac- 
turing of MOS Memories are fully documented, and regular 
audits are performed to ensure continuous adherence to proper 
procedures. We are always striving to produce and reproduce 
the highest quality product available throughout the world. 

MOS Memory Products Division promotes the concept of 
statistical process controls throughout the entire manufactur- 
ing process. This is exemplified by our commitment to in-depth 
statistical process control training programs for everyone— 
from the line operator to upper management. Favorable results 
have already been realized from the initial phases of imple- 
mentation, with much more to follow. 
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The MOS Memory Products Division maintains a World 
Wide Quality Assurance system that is second to none. Daily 
status reports are received from remote locations, and any 
problems that arise are tackled on a timely basis. The MOS 
Memory Products Division is also a leader in accurate and 
efficient methods of quality data collection and reporting. 

Every unit that the MOS Memory Products Division pro- 
duces is coded so that complete traceability is maintained, 
including visibility to the wafer and assembly lot level. The 
Quality System ensures that we can provide any specific pro- 
cessing information to our customers on request. 

INTERNAL QUALIFICATION DISCIPLINE 

Motorola recognizes the need to establish that all MOS 
Memory devices, both new products as well as existing ones, 
reach and maintain a level of quality and reliability that is 
unsurpassed in the electronics marketplace. To ensure this, 
internal qualification requirements, procedures, and methods 
as well as vendor qualification specifications have been de- 
veloped. These activities are intended to provide a consistent, 
comprehensive, and methodical approach to device qualifi- 
cation and to improve our customer's understanding of 
Motorola's qualification results and their subsequent appli- 
cation implications. 

For qualification results to be valid and acceptable, the col- 
lected data must be proven accurate to the highest possible 
confidence level. Therefore, a complete device history and 
data log is kept with any lost or missing data potentially leading 
to test results that are unusable for qualification purposes. 
Testing conditions and pass/fail criteria are established before 
stressing begins. Strict adherence to these criteria and the use 
of control devices insure that the test results are valid and 
meaningful. 

New MOS Memory devices which are under development 
or in the prototype stage are subject to requirements defined 
for the three levels of the development cycle. These levels are 
the alpha, beta, and introductory phases of device develop- 
ment. Each phase contains guidelines and controls concerning 


issues such as device labeling, number of customers, sample 
quantities, pricing and stocking levels, and open-order-entry 
timing. Decisions regarding these items are made jointly by 
marketing, design, product, and reliability personnel. 

JOINT QUALIFICATION 

As a result of the rigorous discipline used for internal qual- 
ification of Motorola MOS Memory products, our customers 
can benefit from joint qualification activities. Motorola's clearly 
defined qualification procedures improve the customer's ability 
to comprehend the qualification results in an effective manner 
which aides in their qualification decision making process. 
Through parallel qualification activities between Motorola and 
its customers, this procedure can cut qualification costs by 
reducing duplication of effort, improving resource utilization, 
and shortening introduction cycle time. This helps to ensure 
competitive edge advantages for our customers. 

Joint Qualification activities result in a partnership type of 
interaction between Motorola and its customers on an engi- 
neering level. This assists our customers in two critical areas. 
First, it allows them to understand more clearly the strengths 
and weaknesses of Motorola's products. Secondly, our cus- 
tomers can make clear decisions concerning which stresses 
they need to concentrate on during their internal qualification 
activities. 

HISTORICAL PERFORMANCE 

Over the course of the last five years, significant achieve- 
ments have been made on quality and delivery performance. 
The Six Sigma methodology will assist the MOS Memory 
Products Division in pursuit of our standard of zero defects 
and 100% on time delivery. 

Figure 5 indicates the product Average Outgoing Quality 
performance as measured in parts per million. 

As of October 1988 our average outgoing quality was below 
50 parts per million. We are striving to reach Six Sigma. 
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AOQ (PPM) 


1988 MALCOLM BALDRIGE 
NATIONAL QUALITY AWARD 


Motorola won the first Malcolm Baldrige National Quality quality leadership, information and analysis, planning, human 

Award. The award recognizes the achievements of U.S. man- resource utilization, quality assurance, quality improvement 

ufacturing and service companies. The award was established results, and Customer Satisfaction. Our fundamental objec- 

in 1987 to promote quality awareness, recognize the achieve- tive— Everyone's overriding responsibility is Total Customer 

ments of U.S. companies, and publicize successful quality Satisfaction. Six Sigma Quality is a key initiative for the 

strategies. Our quality process was examined for corporate achievement of our fundamental objective. 


Figure 5. Motorola MOS Memory Products Division 
Average Outgoing Quality— 4 Week Average World Memory 
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DRAM Refresh Modes 


DR AMs offer the lowest cost per bit of any memory, and 
for that reason are enormously popular in a wide range of 
applications. This low cost per bit is achieved with a very simple 
bit cell design, among other things, but rooted in this simplicity 
are some inherent drawbacks. One major limitation is the need 
to refresh each memory bit at regular Intervals. This note 
discusses what refresh is, the reasons refresh Is required for 
DRAM operation, and the various types of refresh available 
on the Motorola 1M x 1 and 256K x4 DRAMs. Specific com- 
ments refer to the 1 M x 1 85-ns DRAM. Refer to specific device 
data sheets for analogous information on other devices. 

The heart of any memory device is the bit cell. A 1M DRAM 
has 1,048,576 of these cells in the memory array. Each cell 
holds a single bit of information In the form of a high or low 
voltage, where high voltage = a binary " 1 " and low voltage = a 
binary "0". The DRAM bit cell consists of one transistor and 
one capacitor. The transistor acts as a switch, regulating when 
the capacitor will charge and discharge, while the capacitor 
stores a high or low voltage charge. 

All capacitors leak over time, slowly losing the charge stored 
in them, regardless of how carefully they are constructed. 
Junction and dielectric leakage are two capacitor discharge 
paths that are characteristic of the DRAM bit cell, and both 
are affected by temperature. The capacitor in the bit cell can 
hold a small charge, on the order of 35-125 fF {fF = 1 x 10 “ 
farads). As this charge dissipates through leakage paths, the 
small difference between a "1 " and a " 0 " diminishes. If nothing 
is done to restore the charge on the capacitor to its initial 
value, the sensing circuitry on the DRAM will eventually be 
unable to detect a charge difference and will read the cell as 
a "0". 

Thus, all the capacitors in the memory array must be pe- 
riodically recharged, or refreshed. Refresh is accomplished by 
accessing each row in the array, one row at a time. When a 
row is accessed, it is turned on, and voltage is applied to the 
row, recharging each capacitor on the row to its initial value. 
Specified refresh time on the 1M x 1 DRAM is 8 milliseconds; 
every row must be recharged every 8 milliseconds. This is a 
vast improvement over refresh times required for earlier gen- 
erations of DRAMs. The 16K x 1 DRAM required refresh every 
2 milliseconds, the 256K x 1 DRAM requires a refresh every 4 
milliseconds. Longer refresh times mean more time available 
for access to memory, and less time required to refresh the 
device. 

Design and operation of the DRAM allow only one row to 
be refreshed at a time; 512 refresh cycles are required to refresh 
the entire IMxl memory array. The array is actually 1024 
rows by 1024 columns, but it operates electrically like two half 
arrays of 512 rows by 1024 columns. During refresh, every row 
is treated as if it runs through both halves of the array, re- 
freshing 2048 column locations (bit cells) per row. This design 
results in fewer refresh cycies required to recharge the entire 
array, since only 512 rows need to be accessed, rather than 
1024. 


Refresh can be performed in either a single burst of 512 
consecutive refresh cycles (one cycle per row) every 8 milli- 
seconds, or distributed over time, one refresh cycle every 15 
microseconds (8 milliseconds per 512 rows = 15.6 microse- 
conds per row) on average, or some combination of these two 
extremes. As long as every row is refreshed within 8 millise- 
conds, the actual method used is best determined by system 
use of the DRAM. The burst takes 84 microseconds to com- 
plete (165 nanoseconds per row x 512 rows for 85 nanoseconds 
per device). During this burst refresh time, no memory op- 
erations can be performed on the device. Distributed refresh 
disables memory access for 165 nanoseconds every 15 
microseconds. 

The IMxl DRAM can be refreshed in three ways: RAS 
only refresh, CAS before RAS refresh, and hidden refresh. In 
addition, any normal read or write refreshes all 2048 bit cells 
on the row accessed. Regardless of the refresh method used, 
the time required to refresh one row is the random read or 
write (RAS) cycle time (tRc)- When operating the device In 
page, nibble, or static column mode, only the row being ac- 
cessed is refreshed. The device must be in normal random 
m ode t o utilize any of these specific refresh methods. 

RAS only refresh requires external row counters, to ensure 
all rows are refreshed wit hin the specifi ed tim e, and externally- 
supplied row addresses. CAS before RAS relies on internal 
row counters and internally generates the address of the next 
row to be r efreshed. Hidden refresh Is a variation on CAS 
before RAS refresh that holds valid data at the output while 
refresh is occurring. Whenever the device is in a refresh cycle, 
neither a read nor a write operation can be performed. Hidden 
refresh allows the device to be read ahead of refresh, then 
holds the valid data at the output while refresh cycies are in 
progress. It appears that the refresh is hidden among data 
c ycies because valid data is maintained at the output. 

RAS only refresh is perf ormed by supplying row addr esses 
A0-A8 and completing a RAS cycle (tpc) ; sw itching RAS 
from inactive (high) to active (low), holdi ng RA S low (tRAS)» 
then switching b ack to high, and holding RAS high (tRp). A9 
is ignored during RAS only refresh, since this address nor mally 
determines which half of the a rray i s to be accessed. CAS 
must be held high through this RAS cycle, hence the name 
RAS only refresh. An external row counter is required for this 
re fresh metho d. See Figure 1 . 

CAS before RAS re fresh is performed by switc hing C AS 
from high to low while RAS is high, then switching RAS low 
(tcsR)- This reversal of the usual clock order activates an 
internal row counter that generates address es to be refreshed; 
external address es are ignored in this cycle. CAS must be held 
low (tCHR) RAS transitions to low. After that time i t can 
either be hel d low or switched to high. See Figure 2. The CAS 
before RAS refresh counter test, specified on all DRAM data 
sheets that offer this type of refresh, is used to check for 
proper operation of the internal row counters and correct ad- 
dress generation. 
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DRAM REFRESH MODES (AN987) 


Hidden refresh is a CAS before RAS refresh that has been 
initiated during a read or write operation. At the en d of a 
typical read cycle, CAS would be switched to high befo re RA S, 
turning off the output. In a hi dden refresh cycle, R AS is 
switched to high, concluding the RAS cycle (tpc), while CAS 
is held low. RA S is h eld high (tpp), t hen sw itched low, be- 
ginning another RAS cycle. As long as CAS is held low, data 
is valid at the output, resulting in a long read cycle. Since data 
can be read while the device is being refreshed, the refresh 
operation(s) appears to be hidden by the read cycle. The same 
refresh can be performed after a write cycle is initiated. This 


method of refresh allows refresh cycles to be mixed within 
read and write cycles. During the refresh cycle, a write op- 
eration cannot be performed. See Figure 3. 

Refresh is an integral and necessary part of DRAM opera- 
tion. Substantial improvement has been made in increasing 
the time between refresh cycles, but as long as the bit cell 
design utilizes a capacitor, periodic recharging will be required. 
Three met hods of refr esh a re available on the 1M x 1 DRAM: 
RAS only, CAS before RAS, and hidden refresh. The Motorola 
1 M X 1 and 256K x 4 will work in virtually all systems as a result 
of flexibility provided by this assortment of refresh methods. 



L- 

Figure 1. RAS Only Refresh Cycle 
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Page, Nibble, and Static Column Modes: High- 
Speed, Serial-Access Options on 1 M-Bit + DRAMs 


The 1 M-bit and higher density DRAMs offered by Motorola, 
in addition to operating in a standard mode at advertised access 
times, have special operating modes that will significantly de- 
crease access time. These are page, nibble, and static column 
modes. All three modes are available in the IMx 1 configu- 
ration; page and static column modes are also available on the 
256K X 4 configuration. Read, write, and read-write operations 
can be mixed and performed in any order while these devices 
are operating in either random or special mode. 

The comments that follow refer specifically to successive 
read operations for page, nibble, and static column modes on 
the 1M X 1 device. The read operation is chosen for sake of 
simplicity in illustrating these special operating modes. How- 
ever, decreased access times will occur for all operations, 
performed in any order, when the device is operated in any 
of these modes. General operating comments apply to the 
256K X 4 device as well. 

All of these special operating modes are useful in applica- 
tions that require high-speed serial access. Typical examples 
include video bit map graphics monitors or RAM disks. Page 


mode is the standard, available since the days of the 16K x 1 
ORAM. Static column is the latest mode to be made available 
on DRAMs, and nibble mode first appeared somewhere in 
between. Page and static column offer the same column lo- 
cation access, but operate somewhat differently. Nibble is 
unlike either of the other modes, but faster than both in its 
niche. All modes are initiated after a standard read or write is 
performed. 

Page and static column modes allow access to any of 1024 
column locations on a specific row, while nibble allows access 
to a maximum of four bits. The location of the first bit in nibble 
mode determines the other bits to be accessed. Nibble mode 
allows the fastest access of the three devices (tisjCAC)/ 3*1 
other parameters held equal, at about 1 /4 the standard (tR^C) 
rate. Page and static column access times (tCAC/ ^AA) 
respectively, about 1/3 and 1/2 the standard rate. 

Cycle time is a better indicator of relative speed improve- 
ment, since it measures the minimum time between any two 
successive reads. Cycle time is approximately 1 /4 for nibble 
and 1/3 for page and static column modes, with respect to a 


Table 1. Operating Characteristic Comparison 


Parameter 


. Page 

Nibble 

Static 

Column 

Random 

Access Time (ns)* 

tCAC 

25 

- 

- 

- 


tNCAC 

— 

20 

- 

- 


tAA 

— 

— 

45 

— 


tRAC 

— 

- 

- 

85 

Cycle Time (ns)* 

tpc 

50 

- 

- 

- 


tNC 

— 

40 

- 

- 


tsc 

— 

— 

50 

— 


tRC 

- 

- 

- 

165 

Accessible Bits 



4 


All 

Order of Accessible Bits 




lESSSSSI 

Random 

Conditions 


Active 

Active 

Active 

Cycle 


CAS or CS** 

Cycle 

Cycle 

Active 

Cycle 


Addresses 

Cycle 

N/A 

Cycle 

Cycle 


Outputs . 

Cycle 

Cycle 

Active 

Cycle 



235 

205 

235 

660 

Time to Read 1024 Unique Bits (ns)* 


51,235 

70,400 

51,235 

168,960 


*Values for a 1M x 1 85-ns device. **CS on Static Column. 

Page: 4 bit read= tpAC+^tpC 

1024 bit read = tRAc + 1023tpc 


Nibble: 4 bit read = tpAC + 3tNC 

1024 bit read=256»(tRAC + 3t|sjc+tRp) 


Static Column: 4 bit read = tRAC + 3tsc 

1024 bit read = tRAC + 1023tsc 


Random: 4 bit read = 4tRc 

1024 bit read = 1024tRc 
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PAGE, NIBBLE, AND STATIC COLUMN MODES 


{AN986) 


random cycle time of 165 nanoseconds. When operated in 
these high-speed modes, users will typically access most or 
all of the bits available to that mode, once the mode has been 
initiated. Thus the best measure of speed for nibble mode is 
the rate at which four bits are read, while the rate at which 
1024 bits are read is the best measure of page or static column 
mode. When the actual operating conditions are considered, 
as described elsewhere, the difference between tCAC' fNCAC' 
and tAA measurements hold relatively little significance. 

Page mode is slightly more difficult to inter face in a system 
than static column mode due to extra CAS pulses that are 
required in page mode. Static column generates less noise 
than page mode, because output buffers and ^ are always 
activ e in this mode. Noise transients, generated every time 
CAS is cycled from inactive to active, are thus eliminated in 
the static column mode. 

PAGE MODE 

Page mode allows faster access to any of the 1024 column 
locations on a given row, typically at one third the standard 
(tRAC) rate for randomly-performed operations. Page mode 
consists of cycling the CAS clock from active (low) to inactive 
(hig h) an d back, and providing a column address, while holding 
the RAS clock acti ve (lo w). A new column location can be 
accessed with each CAS cycle (tpc). 

Page mode is initiated with a stan dard r ead or write oper- 
ation. Row address is latched by the RAS cloc k transition to 
active, follo wed b y column address and CAS clock active. 
Perfo rming a CAS cycle (tpc) and supplying a column address 
while RAS clock remains active constitutes the first page mode 
cycle. Subse quent page mode cycles can be performed as 
long as RAS clock is active. The first access (data valid) occurs 
at the standard rate (tRAC^- operations in page 

mode following the initial operation are measured at the faster 
rate (tQAC)/ provided all other timing minimumsare maintained 
(see Figure la). Page mode cycle time determines how fast 
successive bits are read (see Figure 1b). 

NIBBLE MODE 

Nibble mode allows serial access to two, three, or four bits 
of data at a much higher rate than ra ndom operations (tRACL 
Nib ble m ode consists of cycling the CAS clock while holding 
the RAS clock active, like page mode. Internal row and column 


address counters increment at each CAS cycle, thus no ex- 
ternal column addresses are requ ired (unlike page or static 
column modes). After cycling CAS three times In nibble mode, 
the address sequence repeats and the same four bits a re ac - 
cessed again. In serial order, upon subsequent cycles of CAS: 

00 , 01 , 10 , 11 , 00 , 01 , 10 , 11 , . . . 

Nibble mode operation is initiated with a standard read or 
write cycle. Row address is latched by RAS cloc k transition 
to active, follow ed by column add resses and CAS clock. Per- 
forming a CAS cycle (t|Mc) while RAS clock remains active 
constitutes the first nibble mode cycle. Subs equen t nibble 
mode cycles can be performed as long as the RAS clock is 
held active. The first access (data out) occurs at the standard 
rate (tRAC) • All of the read operations in nibble mode following 
the initial operation are measured at the faster rate (tiyjCACK 
provided all other timing mlnimums are maintained (see Fig- 
ure 2a). Nibble mode cycle time determines how fast succes- 
sive bits are read (see Figure 2b). 

STATIC COLUMN MODE 

This mode is useful in applications that require less noise 
than page mode. Ou^t buffers are always on when the device 
is in this mode and CS clock is not cycled, resulting in fewer 
transients and simpler operation. It allows faster access to any 
of the 1024 column addresses on a given row, typically at half 
the standard (tRAC^ rate for randomly performed operations. 
Static column consists of changing column addresses while 
holding the RAS and CS clocks active. A new column location 
can be accessed with each static column cycle (tsc)- 

Static column mode operation is initiated with a sta ndard 
read or write cycle. Row address is latched by RAS clock 
transition to active, followed by column addre sses and CS 
clock. Performing an address cycle (tsc) while RAS and ^ 
clocks remain active constitutes the first static column cycle. 
Su bsequ ent static column cycles can be performed as long as 
the RAS and CS clocks are held active. The first access (data 
out) occurs at the standard (tRAC^ rate. All of the read op- 
erations in static column following the initial operation are 
measured at the faster rate (tAA^/ provided all other timing 
minimums are maintained (see Figure 3a). Static column cycle 
time determines how fast successive bits are read (see Fig- 
ure 3b). 



Figure la. Page Mode Read Cycle 
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PAGE, NIBBLE, AND STATIC COLUMN MODES . . . (AN986) 



Figure 3a. Static Column Mode Read Cycle 
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Figure 3b. Static Column Mode Cycle Minimum Timing 
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INTRODUCTION 

When designing a bus oriented system, the possibility of 
bus contention must be taken into consideration. Bus con- 
tention occurs when two or more devices try to output opposite 
logic levels on the same common bus line. 

This application note points out common causes of bus 
contention when designing with fast static random access 
memories and describes ways to eliminate or reduce 
contention. 

WHAT CAUSES BUS CONTENTION? 

The most common form of bus contention occurs when 
one device has not completely turned off (output in a high- 
impedance state) before another device is turned on (output 
active). Basically, contention is a timing overlap problem that 
results In large, transient current spikes. These large current 
spikes not only generate system noise, but can also affect the 
long term reliability of the devices on the bus (see Figure 1). 

BUS CONTENTION AND FAST STATIC RAMs 

Since memory devices are primarily used in bus oriented 
systems, care must be taken to avoid bus contention in mem- 
ory designs. Fast static RAMs with common I/O data lines (or 
any high frequency device with common I/O pins) are the 
most likely candidates to encounter bus contention. This is 
due to the tight timing requirements that are needed to achieve 
high-speed operation. If timing control is not well maintained, 
bus contention will occur. The most common form of bus 
contention for memories occurs when switching from a read 
mode to a write mode or vice versa. 


SWITCHING FROM A READ TO WRITE MODE 

With E low (device selected), on the falling edge of W (write 
asserted) the RAM output driver begins to turn off (high- 
impedance state). Depending on the input and output logic 
levels, if sufficient time is not allowed for the output to fully 
turn off before an Input driver turns on, bus contention will 
occur (see Figure 2a). 

Figure 2a shows an example of a RAM trying to drive a bus 
line low while an input driver is trying to drive the line high. 
If the situation were reversed (RAM output high and the input 
driver low), bus contention would still exist. 

Of course the obvious way to avoid this type of bus con- 
tention Is to make sure that the input buffer is not enabled 
until the write low to output high-impedance (twi 07) time is 
satisfied (see Figure 2b). This specification is usually given on 
most manufacturers' data sheets. 

Another method to eliminate bus contention would be to 
use E to deselect the RAM before asserting W (low). This 
allows the RAM output extra time to go into high^pedance 
state before the input driver is enabled. E and W are later 
asserted low to begin a write cycle (see Figure 2c). 

SWITCHING FROM A WRITE TO A READ MODE 

With E set low (device selected), on the rising edge of W 
(write terminated) the address or data-in changes before the 
device has had a chance to terminate the write mode. If this 
should occur, and depending on the input and output logic 
levels, a bus contention situation could exist (see Figure 3). 
To avoid address changing type bus contention requires that 
the address not change till the write recovery specification 
(twHAX) ‘s satisfied. To avoid bus contention caused by data 
changing requires that the data-in remains stable for the du- 
ration of the data hold specification (twHDX^- Most of 


1 OF 4 DATA BUS LINES 



Figure 1. Common I/O Bus Contention 
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AVOIDtIMG BUS COIMTEIMTION . . . (AIM971) 
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Figure 2a. Input Driver Enabled Prior to Disabling 
RAM Output 
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Figure 2b. Input Driver Disabled Prior to Enabling 
RAM Output 



Figure 2c. Using E to Avoid Bus Contention 


Motorola's fast static RAMs specify write recovery and data 
hold times of 0 ns. However, it is always a good practice to 
allow some margin to take care of possible race conditions. 

Both_of these types of conation could also be avoided by 
taking E high prior to taking W high. This will give the RAM 
output driver time to gc^to a high-impedance state before W 
goes high.Jn this case E is used to terminate the write cycle 
instead of W (see Figure 3c). 
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Figure 3c. Using E to Avoid Bus Contention 


OTHER WAYS TO ELIMINATE BUS CONTENTION 

If the RAM has an output enable pin (G), synchronizing 
schemes can be incorporated to help eliminate bus contention. 
Taking G high will ensure that even when the RAM is in a read 
mode the output will be in a high-impedance state. This will 
allow the input driver to be enabled longer. 
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AVOIDING BUS CONTENTION . . . (AN971) 




Figure 4a. Using G to Avoid Bus Contention Figure 4b. Timing Diagram of the MC68000 


Most advanced microprocessors, such as the MC68000 and 
MC68020, have asynchronous bus control signals that take 
advantage of fast memory devices with output enable pins. 
Figure 4 shows one way to avoid bus contention using a 
Motorola MC68000 interfaced to a Motorola 45-ns MCM6164. 

A more obvious way to eliminate bus contention is to use 
slow memory devices. Slow memories have loose timing re- 
quirements that allow devices to fully turn off before another 
device turns on. Of course this defeats the whole purpose of 
fast static memory devices. 

Another obvious way to eliminate bus contention is to use 
memo^devices that have separate data I/O pins. In this way 
the R/W signal from the microprocessor can control a buffer 
device to eliminate bus contention (see Figure 5). However, 
the industry is demanding RAM with common I/O because 
these devices cost less and save system real estate. 

Common I/O devices reduce package size since fewer pins 
are needed. Smaller packages result in less PCB space re- 
quirement. Common I/O devices also eliminate the need for 


an extra buffer with its associated expense and space require- 
ment. In general fast static RAMs configured greater than a 
XI will have common data I/O pins. 

Another popular way to reduce bus contention is to put a 
current limiting series resistor on each bus line (see Figure 6). 
The series resistor does not eliminate bus contention, but It 
helps reduce the large transient currents associated with bus 
contention. However, series resistors increase access time as 
well as Increasing component count. The added access time 
depends on the total bus capacitance (including the capaci- 
tance of the devices on the bus) and the total bus resistance. 
The added delay should be added on to the point at which 
bus contention ceases. The following formulas can be used 
to determine the added access delay. 


tHL = RL*CL*ln 


Vin(initial) - Vin(final) 
V|L(max)-Vjn(final) 


tLH = RL*CL*in 


Vin(final)-Vin(initial) 

Vjn(final)-V|H(mln) 



Figure 5. Separate I/O Buffer 
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Generally the value of the resistor should be around 100 
ohms. The larger the resistor the less the transient current 
generated, but the greater the delay. Using a 150-ohm resistor 
will limit the current flow to less than 20 milliamperes while 
adding approximately 3 nanoseconds extra access time. How- 
ever, note that even with series resistors bus contention duty 
cycle must be minimized to reduce EMI and bus ringing. 

Although It is very important to reduce bus contention, 
CMOS memories can tolerate more bus noise generated by 
bus contention than can bipolar memories, due to the excellent 
noise immunity advantage of CMOS over bipolar technology. 
However, even when using CMOS memories, large destructive 
transient currents generated by bus contention can still occur. 


CONCLUSION 

Bus contention must be taken into consideration in most 
bus-oriented system design. The occurrence of bus contention 
generates large transient currents that produce system noise 
and could also affect the system's long term reliability. 

Fast random access memories with common data I/O pins 
are very susceptible to bus contention due to tight timing 
requirements. Although It is almost impossible to totally elim- 
inate bus contention, it must be the goal of the system designer 
to minimize bus contention. 
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Avoiding Data Errors with Fast Static RAMs 


Microprocessors are now capable of 20-25 MHz. This places 
a great demand on SRAMs to supply super-fast access times. 
Today's sub-100-nanosecond SRAMs in production are rapidly 
moving to sub-50 nanoseconds as yesterday's prototypes ramp 
into production, and sub-25 nanoseconds is just on the ho- 
rizon. This need for high-speed SRAMs is amplified by the 
fact that setup, hold times, and cycle edge accuracies do not 
usually improve at the same rate as the clock frequency. There 
is help on the way in terms of application specific SRAMs that 
put on chip some of the "glue" features that eliminate gate 
delays caused by decoders, drivers, or clock signals; but for 
now, the main burden will fall upon SRAM designers to make 
up for the "lost time" in the shorter cycles. Some of the tools 
of the SRAM designer are improved processes, tighter design 
rules, and improved circuit techniques such as address tran- 
sition detection. When you combine all of these features into 
a high performance SRAM, you no longer have the bistable 
flip-flop of yesterday but a highly tuned circuit that is more 
closely related to a DRAM. This is where the system designer 
can help. Although SRAM designers are doing everything 
possible to make the devices stable and noise immune, there 
is no substitute for a good solid system layout and design. 
The following discussion gives system designers some insight 
into potential trouble areas from a component engineering 
viewpoint. 

CHARACTERISTICS OF HIGH-SPEED BUSES 

When data is transmitted over long distances, the line on 
which the data travels has to be considered a transmission 
line. A long distance is relative to the rate at which data is 
being toggled. Address and data buses associated with high- 
throughput microprocessors (e.g., M68000 family) must also 
be thought of as transmission lines, since it is not uncommon 
for these processors to run bus cycles of 40-nanosecond pe- 
riods or less. 

Other features of high-end microprocessor buses are that 
they tend to operate In harsh, noisy-type environments, and 
most of these buses are unterminated. A high-impedance, 
unterminated bus line acts just like an antenna. It not only 
radiates EMI, it can also receive EMI. This can result In bus 
ringing, crosstalk, and various other noise associated prob- 
lems. The more transmission lines a bus has, the more an- 
tennas to pick up and radiate noise. Of course, the best way 
to reduce this EMI is to ensure that the bus is properly ter- 
minated into a low-impedance load. This low-impedance load 
could be in the form of a pull-up or pull-down resistor tied to 
each bus line. Ideally, the termination resistor should be equal 
to the characteristic impedance of the bus line. A transmission 
line terminated into its own characteristic impedance has the 
best incident wave switching as well as the least amount of 
reflection. 


Since an unterminated bus looks almost entirely like a ca- 
pacitive load, the larger the resistor value the slower the rate 
at which data can be presented to the receiving device. This 
is due to the time it takes to charge and discharge this ca- 
pacitive line through the termination resistor. If a small value 
resistor is used, the charging/discharging time delay can be 
minimized (t = RC). However, the smaller the resistor the 
greater the power consumption through the resistor. Also, if 
the resistor value is too small, its value will approach that of 
the source resistance of the transmitting device, which could 
lead to a degradation of noise margin to the receiving devices. 
A resistor value between 1 kilohm and 10 kilohms is usually 
adequate. The actual value should be optimized through ex- 
perimentation (see Figure 1). 


vcc 



X 


Figure 1. Microprocessor Address Bus with Pull-Up 
Resistors 

HIGH SPEED SRAM DESIGN TECHNIQUES 

In order to speed up access times of high-speed RAMs, 
many new design techniques have surfaced. One of the most 
innovative techniques to emerge Is known as address transition 
detection (ATD) circuitry. Since row address access times are 
typically slower than column address access times, this cir- 
cuitry originally used the row addresses to trigger a clocking 
sequence that restored bit lines, shorted data lines, equalized 
sense amplifiers, and threestated the output as the output 
buffers were equalized. This meant that many of the internal 
transistions could be completed by the time that the signals 
were decoded and propagated through the device seeking the 
proper ceil and outputting data. This then made row and col- 
umn access times much more equal and eliminated one of the 
speed bottlenecks. This scheme also has the added advantage 
of reducing power consumption because the static bit line 
loads can be reduced in size by utilizing a parallel equalization 
that is also generated at the ATD initiation and used to pull 
up the bit line 0 before selection of the new word line. Since 
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START EQUALIZATION 
OF TOP OF CHIP 

EQUALIZE BIT LINES 

TURNS WORD OFF 

START EQUALIZATION 
OF BOTTOM OF CHIP 

EQUALIZE SENSE AMP 

EQUALIZE DATA LINES 

TURNS OUTPUT OFF 

TURNS SENSE AMP OFF 



its inception, ATD has been expanded and is now activated 
by all addresses and chip select pins instead of just row ad- 
dresses. A typical timing chain, as shown in Figure 2, applies 
to Motorola's MCM6164 8Kx8 SRAM and exemplifies the 
clock sequence dependency. 

ATD has been shown to be very effective as a performance 
enhancer and will remain a valuable tool for designers, but it 
can be seen that we now essentially have a clock-activated 
part. What happens if addresses are floated or oscillate at a 
frequency greater than the ATD response? What happens if 
addresses are skewed, thereby getting successive ATD initi- 
ations? There is also the case of signals being gated from 
numerous sources, in which the address may start in one 
direction and then reverse several times before it finally seeks 
a valid high or low level. Circuit designers believe that these 
potential problems have been resolved over the last few years 
as testing techniques and circuit simulations have wrung out 
the infinite number of application variations. However, there 
is a simple, foolproof way that system designers can eliminate 
any potential for this type of a problem. Deselect the device 
during address transitions (see Figure 3). 

Since new design techniques have made chip select access 
times equal to address access times, system designers can 
take advantage of this and improve reliabilty of their system 
by increasing overall immunity to a noisy environment. This 
can cover a host of potential board-induced problems from 
oscillating multiplexer or driver units, to spurious address 
glitches put out by MPUs. 


Another design improvement is related to rise and fall times 
on the output levels, known by circuit designers as di/dt. This 
is the inductance associated with the changing current as loads 
are charging and discharging. This inductance is coupled back 
to the device, and through connections and bus resistance 
can cause the power supply or ground to change drastically. 
This is pushed to the limits as output drivers become more 
powerful, and Is especially aggravated by multiple I/O devices 
like byte-wide SRAMs which may have all eight data lines 
switch from all Os to all 1s or vice versa. These spurious noise 
spikes on the power lines can affect the data contents of the 
device, as well as any other device sharing the same power 
and ground buses (see Figure 4). Circuit designers have de- 
veloped circuitry that has a feedback loop that controls the 
rise and fall time just enough to minimize overshoot, under- 
shoot, and ringing. This di/dt is the inherent reason why byte- 
wide SRAMs are typically 4-5 nanoseconds slower than single 
output devices. 


CHIP ENABLE \ / 

ADDRESS KXXXX 'yXXV) 

Figure 3. Deselection of Device During Address 
Transition 
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Figure 4a. MCM6164C Data Bus 




D7 



GBOUNO /\aA 

Figure 4b. Ground Bounce When Data Switches from 
All Is to All Os 


using 1C sockets, it is recommended that sockets with gold- 
piated copper contacts and built-in decouping capacitors be 
used. 

A large value capacitor { > 1 microfarad) should be used on 
each Vcc The purpose of this capacitor is to provide for 
sudden current demand (current surges) from the power 
supply. 

Figure 5 illustrates a typical memory board design. 



Figure 5. Typical Memory Board 
SUMMARY 


PCB POWER FEED CONSIDERATIONS 

Another source of noise can be inadequate power feeds and 
power supply decouping. Large ground planes should be used 
to reduce both inductances and resistances. The resistances 
of the power supply lines should be less than 0.1 ohm. If the 
inductances or resistances of the power supply lines become 
significant, Vcc or ground bounce can occur. Since all Inputs 
are referenced to ground, gate input thresholds could be ex- 
ceeded, causing data errors to be generated. An excellent PCB 
design is one that incorporates a multilayer board. One layer 
should be entirely devoted to a ground plane. 

The use of good-quality decoupling capacitors can help to 
keep noise off the power lines. A value between 0.01 micro- 
farad and 0.1 microfarad (use 0.1 microfarad for x8 organi- 
zations) should be used for each RAM. This capacitor should 
be located as close to the RAM power pins as possible. When 


Digital transmission line theory must be taken into account 
when designing high-frequency buses. A high-impedance, un- 
terminated bus behaves much like an antenna, receiving as 
well as transmitting EMI. The use of termination resistors on 
these buses can reduce EMI. Many innovative designs have 
evolved to speed up access times of fast static RAMs. One 
of the more innovative designs is that of address transition 
detection circuitry. Most high-speed RAMs today use this 
technique to decrease access time. Good PCB power feed 
design, as well as the judicious use of decoupling capacitors, 
is essential for optimum performance from fast static RAMs. 

Much of the time, the problems caused by a marginal device, 
system layout, or pushing for the last nanosecond is ah in- 
termittent random type of problem that could result in either 
destroyed data or access time push-out. If you are having a 
problem, call Motorola MOS Memories in Austin, Texas, (512) 
928-SRAM (928-7726). We are on your design teami 
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INTRODUCTION 

As the speed of the MC68020 processor increases it 
becomes more difficult and more expensive to provide large 
amounts of no-wait states memory. The addition of a logical 
cache in a memory management based system then 
becomes a more viable alternative to the problem. For a typi- 
cal 25 MHz MC68020 system the incorporation of a no-walt 
states cache is one of the most economical ways in which the 
true performance attainable from this particular processor 
can be achieved. 

CACHE DESCRIPTION 

The cache described in this application note is a 32K byte 
(8K long words) direct mapped logical cache. The cache is 
organized such that both supervisor and user, program and 
data accesses are stored. The entries are tagged approp- 
riately with the function code lines. To avoid any stale data 
problems that may occur with the data the cache update 
logic includes a ‘write through' mechanism that forces any 
data writes to update both the memory and the cache. The 
cache operates with no wait states with a 25 MHz 
MC68020. 

BLOCK DIAGRAM DESCRIPTION 

The cache can be broken down into several functional parts 
as follows: 

tag RAMs 
data RAMs 
control logic 

entry update mechanism 

The cache Is organized as 8K long word entries (see Figure 
1 ) which are referenced by a 22 bit TAG field. This TAG is 
made up of the upper address lines (TA1 5-TA3 1 ), the func- 
tion codes (TFCO-2) and the size pins (TSIZEO-1 ). By incor- 
porating the size pins into the TAG field means that the data 
entry can be validated even if it were referenced as a mis- 
aligned data transfer. The function codes allow the entries to 
be referenced separately with respect to user/supervisor 
and program and data entries. 


The cache mechanism will begin operation as soon as an 
address becomes valid on the logical address bus. This 
address accesses the TAG RAM within the cache and the 
corresponding entry is compared with the relevant section of 
the logical address bus (LA15-LA31) and the control bus 
(FCO-2, SIZEO-1). 

If this comparison is valid then this gives an indication to the 
comparator logic that a valid entry may be present within the 
cache data RAMs. 

To determine whether this data entry is indeed valid a 
simultaneous access is made to the VALID bit RAM with the 
lower section of the logical address bus (LA2-LA1 4). If the 
entry in this VALID RAM is a logic 0 then this indicates that 
the corresponding data entry at that cache address (LA2- 
LA14) is a valid entry. 

Access to that data item can then be made on the condition 
of several control signals (e.g. R/W*, CACHE-E*, etc.) and 
the data buffers to the system data bus will be enabled. This 
is termed as a CACHE HIT. 

Conversely, if the entry in the VALID bit RAM was a logic 1 
then this would Indicate that the corresponding data item 
was not a valid cache entry and so the isolation data buffers 
would not be enabled to the system bus. This is termed as a 
CACHE MISS. 

When the cache detects a HIT then the bus cycle is com- 
pleted from the data RAMs and the system operates with no 
wait states. 

If on the other hand the cache detects a MISS then the pro- 
cessor has to fetch its data from external memory which by 
its nature will be slower and will incur wait states. 

To facilitate the data fetch from external memory the cache 
mechanism forces the processor to do a RETRY of the 
MlSSed bus cycle. This retried bus cycle will then go out to 
external memory and fetches the relevant data item which 
will be latched by the processor and also used to update the 
cache. Subsequent accesses to this address will then find 
the data resident in the cache. 

To preserve data integrity a CACHE MISS is also generated 
by a data write cycle. On writing to an address the cache for- 
ces a MISS such that the data item will be written to the 
cache in addition to the external memory. Subsequent data 
reads at this location will find that the data item is resident 
and is the most recent version. 

Forced CACHE MISSes are also generated when the logical 
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address is detected as being a peripheral access (e.g. serial 
I/O device) or when the processor is executing a CPU space 
cycle (e.g. interrupt acknowledge). 

CACHE CONTROL MECHANISM 

The cache hit signal (CHIT*) is generated as a result of the 
comparison of the TAG data, the VALID bit and various con- 
trol signals. When the logical address from the processor 
becomes valid the cache TAG RAMs are enabled and the TAG 
data is produced for comparison. 

These TAG RAMs are addressed as an 8 K long word bank 
and so logical address lines LA2 to LAI 4 are used. 

The TAG RAM itself contains information relating to the bus 
status of the cached item. This bus status consists of a sec- 
tion of the logical address bus (LAI 5-LA3 1 ) and some con- 
trol signals (FCO-2, SIZED- 1 ). When these TAG RAMs are 
accessed this previous bus status is compared with the 
existing bus to detect if there is a match. 

Comparators U21 5, U21 6 and U21 7 (see Figure 4) are 
used to compare this information and if there is a match the 
outputs Oa=b (pin 1 9) will be asserted. 

The assertion of these three comparator outputs is then 
conditioned by various other factors to determine whether a 
cache hit signal should be generated. 

While the TAG RAMs are being accessed by logical address 
lines LA2-LA1 4 a VALID bit RAM is also accessed. The infor- 
mation contained in this VALID bit determines whether or 
not the cache data is valid. When the cache is enabled all the 
entries in the VALID RAM are set to logic 1 to indicate that 
there are no valid entries in the cache. 

Subsequent memory accesses then cause a cache miss 
which results in a cache entry being made. When this cache 
entry is made the status of the bus (LAI 5-3 1 , FCO-2, SIZEO- 
1 ) is saved in the TAG RAM at the location pointed to by the 
cache index (LA2-T4). The information on the data bus is 
then saved in the data RAMs at address with cache index 
LA2-1 4 and the corresponding VALID bit entry is also set 
(i.e. the cache entry is marked as being valid). 

Subsequent accesses to that address will then cause the 
TAG address comparators to assert their outputs and the 
VALID bit to be set. The assertion of the cache hit signal 
(CHIT*) is then dependent upon the status of several other 
control signals such as cache enable (CACH E-E*), CPU space 
and peripheral access (lOEN*). Accesses to CPU space are 
not cached because of the problems that might arise when 
servicing interrupts or accessing coprocessors. In addition 
access to peripheral devices (indicated by the signal lOEN*) 
are not cached because of the read write nature of some 
peripheral device registers. 

When these signals are taken into account the resultant 
assertion of the cache hit signal (CHIT*) will then cause the 
processor to complete the bus cycle with no wait states. 

Control of the cache is facilitated by three hardware 
primitives: Cache Enable, Cache Disable and Cache Clear. 
These primitives are initiated by accessing a specific address 
within CPU space which is not used for any other CPU 
space functions. 

On requesting a cache enable function the mechanism 
causes the VALID bit RAM to be set to logic 1 's, indicating no 
valid cache entries, and then assert the CACH E-E* signal to 
the rest of the system. 


The cache disable function simply negates this CACHE- 
E* signal. 

The cache clear function is included to allow the support of 
multi-tasking software. On initiation of the cache clear func- 
tion all entries in the VALID bit RAM are cleared so emptying 
the cache. This Is useful where the software has to perform a 
context switch. 

CACHE CONTROL LOGIC 

The Cache control logic allows the software programmer to 
enable the cache, disable the cache and to clear the cache 
contents. Accesses to the control logic can only be done 
under CPU space. This prevents accidentally writing to the 
control logic during normal operation (the SFC and DFC 
registers are programmed for CPU space with the MOVEC 
instruction, and the MOVES is used in writing to the control 
logic). Hence only the supervisor mode of operation can con- 
trol the cache. 

The address lines LA24-LA26 are used to decode the 
cache control functions, these being Inputs fed to an 
74LS138 U241 (see Figure 3). In addition to these 
addresses In CPU space, the programmer should also select 
an area of memory that will not cause contention with the 
normal MC68020 CPU functions. 

An example decode could be $1070000 ($ is used to rep- 
resent a hexadecimal number) for clear cache, $2070000 
for disable cache and $4070000 for enable cache. 

Cache Enable 

The cache Is enabled by accessing to a CPU address similar 
to the one given above, the data being irrelevant. On enabling 
the cache ail entries are made invalid. This ensures that no 
stale data problems are created from accesses when the 
cache was previously enabled. 

The output from U1 1 8D (see Figure 3) is used to enable a 
sequencer consisting of three 4-blt binary counters: U246, 
U247 and U248. These counters are used to increment the 
address bus to set the valid bits to ail 1 's (entry is invalid). 
The addresses are presented to the valid RAM U259 via the 
latches U249 and U250, the outputs from these being 
enabled at the same time as a write to enable the cache. Also 
during this sequence the logical address bus to this RAM is 
tri-stated from the RAM's address bus by U243 and 
U244. 

Under normal operation the latches U243 and U244 are 
enabled and U249, U250 are disabled allowing the valid 
RAM to be addressed from the logical address bus. The 1 2- 
bit sequence clears 4 K entries in the cache (each entry is a 
long word). 

The sequence is repeated twice to clear the whole 8 K entry 
cache. The two D-type flip flops U251B and U251A are 
used to write first to the upper 4 K then the lower 4 K 
entries. 

At the end of the cache clear sequence the cache is enabled 
via the S-R flip flop U257D and U1 1 8C. The CACHE.E* Is 
then used in the comparator logic to indicate that the cache is 
enabled. In addition the DSACKO* and DSACK1 * is returned 
to the MC68020. 

As far as the processor is concerned the cache clear 
mechanism can be thought of as a long instruction. The valid 
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RAM latches data with respect to the sequencer clock (40 
MHz for 25 ns SRAM's) and a logic 1 is latched on each fall- 
ing edge of this clock. 

A logic 1 is written into the valid RAM when: the sequencer 
is enabled; it is the falling edge of the 40 MHz clock and the 
WRITEN* signal from the entry update mechanism is high 
(U258C, U263A and U219D). This logic is also used to 
write a logic 0 into the valid RAM during normal 
operation. 

To prevent external bus contention when the cache is being 
written to, a signal ADDBUFDIS* is generated which can be 
used to disable external address buffers. The CMISS signal 
should be used to disable the external address buffers dur- 
ing a cache hit. 

Cache Clear 

The cache clear mechanism is used to allow the operating 
system to perform a context switch. A cache clear command 
will produce the same output as the enable cache 
command. 

Using the 40 MHz clock gives a context switch time of 
approximately 0.025 x 1 024 x 8 = 205 us. If this is unac- 
ceptable the mechanism can be speeded up by using several 
valid bit RAMs of lower density in parallel, or using a RAM 
with a clear feature. 

Cache Disable 

This command produces an input into U240B to set the 
S-R flip flop to cache disable (CACHE. E* set to a logic 1 ). The 
reset signal is also fed into U240B to ensure that the cache is 
always disabled at reset. 

ENTRY UPDATE MECHANISM 

This section of logic (see Figure 2) is used to control the 
cache mechanism for updating entries in the cache. In addi- 
tion, the logic will produce control signals used to latch data 
into the Tag and Data RAMs and control the isolation data 
buffers for the cache (U236 - U239 in Figure 5). 

The mechanism used to update the entries in the cache Is 
only enabled on a read cycle (R/W* signal into U261 D) and 
when the cache is enabled (CACHE.E* signal into U261C). 
The control logic is required to perform three distinct 
operations: 

On a write cycle the WRITEN* signal should be asser- 
ted to latch data into the RAMs to perform a write 
through operation. When the address is next accessed 
it will reside in the cache. 

On a read cycle that does not generate a cache hit, the 
logic needs to initiate a retry operation to enable the 
cache to latch the data which is being read by the 
MC68020. 

Thirdly, on a read cycle, which causes a cache hit, the 
bus cycle needs to be terminated to allow zero wait 
state operation at 25 MHz from the cache. 

Write Cycles 

Assuming the cache is enabled then on a write cycle the 


output from U240D produces logic 0 (the output from 
U261C will be logic 0). This output produces a signal 
INHIBIT* which prevents the cache returning DSACKO*, 
DSACK1*, HALT* and BERR* (U256A, B, C, D), used for 
read cycles (see Figure 2). 

A signal FORCEW* is also generated via U258B and 
U219C to control the output enable of the cache isolation 
buffers to allow data to be routed to the cache data RAMs 
(see Figure 5). 

The WRITEN* signal is finally generated from U258A to 
produce the W* enable for the TAG and DATA RAMs. 
WRITEN* is also used to enable the buffers: U2 1 2 - U2 1 4, 
to route the current logical address, function codes and size 
lines into the TAG RAMs (see Figure 4). 

Two banks of RAMs are used to obtain an 8 K entry long 
word cache; the lower bank of RAMs are enabled with 
LA 1 4* from U2 5 5C and the upper bank is enabled by LA 1 4. 
This is needed to allow 25 MHz operatioh (25 ns SRAM - 
MCM6268-25 -are used as shown in Figure 4). 

On the assertion of DSACKO*, DSACK1 * from the external 
physical memory the two D-type flip-flops U235A and 
U253B (see Figure 2) are used to negate the WRITEN* just 
after the falling edge of the processor clock S4 (just after the 
MC68020 latches data). On the negation of WRITEN*, tag 
data is written into the tag field. 

The Information on the data bus Is latched into the cache 
data RAM and the tag buffers and data isolation buffers iso- 
late the cache from the system busses. This section together 
with the whole entry update mechanism must operate 
logically very quickly hence FAST logic is used 
throughout. 

Read Cycle with a Cache Miss 

Timing diagram 1 shows the cache sequence when a cache 
miss occurs. From this diagram it can be seen that the 
addresses on the address bus do not become stable until 5 
ns into S 1 worst case. At this point it will take 2 5 ns to obtain 
information from the TAG data RAMs (the RAMs are per- 
manently enabled). 

In addition to this there is a delay through two levels of com- 
parator (U21 5 - U218). This gives an absolute maximum 
propagation delay time of 46 ns after the address bus is sta- 
ble before a valid CHIT* signal is generated. With the above 
conditions a valid cache hit signal (CHIT*) should be asserted 
in the middle of S3 for a TAG match. The entry update 
mechanism uses this information to determine if there is 
going to be a cache miss or a cache hit. 

In the case of a cache miss the following sequence of events 
are executed: DSACKO* and DSACK1 * are asserted by the 
assertion of the MC68020 AS* (U255B) by U256A and 
U256B as shown in Figure 2. The INHIBIT is set to a logic 1 
by U261C, U261D and U262A. U252A is then used to 
bring U252Boutof RESET on the falling edge of S2. This D- 
type is then used to sample the CHIT* signal in the middle of 
S3. In the case of a cache miss the D input will still remain 
high, forcing the cache miss signal CM ISS to go high. This is 
used to enable external data buffers for the MC68020. This 
causes the BERR* and HALT* signal to be asserted 
simultaneously to request a retry cycle (via U261 B, U256C 
and U2 56D). This takes advantage of the MC68020's ability 
to recognize a late retry If spec 27A Is satisfied. (Note that 
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68020 inserts an additional 3 clock cycles after S5 of 
this cycle). 

On the termination of this bus cycle all signals are negated 
as shown in the timing diagram, with the exception of the 
INHIBIT. This is because on the rising edge of LAS* the out- 
put from Q* of U269A is fed back to the input to produce a 
low INHIBIT signal for the following retry cycle This low 
INHIBIT signal prevents the DSACKO*, DSACKl*, BERR* 
and HALT* lines from being asserted by the cache during the 
retry cycle. 

Timing diagram 2 shows the retry cycle. The length of this 
cycle Is determined by the actual physical device being read 
so it is shown as an unknown number of wait states. The 
same cycle is repeated as above, however, during this cycle 
INHIBIT has been asserted causing FORCEW* (force a 
write to the RAMs) and WRITEN* to be asserted. This has 
the effect of updating the cache on the read cycle by forcing 
the cache to latch the addresses, function code and size 
signals to the TAG RAM and the DATA bus contents into the 
data RAMs. 

The buffers U236 - U239 are enabled by (CHIT*) ANDed 
with (FORCEW*) and the direction is controlled by CHIT*. In 
this case CH IT* is a logic 1 causing data to be written into the 
RAMs. The buffers LI212 - L)214 are enabled by the 
WRITEN* signal. 

On return of the DSACKO*, DSACKl * from the physical 
system, the WRITEN* signal is negated (via U257A, 
U255C, U253A, U253B, U2 T9B and U258A) to latch data 
into the RAMs just after the falling edge of S4. 

In addition to this all the signals are negated at the end of 
the cycle and the INHIBIT signal returns to a logic 1 level on 
the negation of LAS* (L)262A and L)240D). 

Read Cycle with a Cache Hit 

When a read cycle occurs at an address which has a corres- 
ponding input in the cache, a cache hit will occur. This cycle 


is similar to the one above except the CHIT* signal from the 
comparators L)21 5 - L)21 8 is asserted by the middle of S3, 
setting CMISS inactive (output from Q of U252B is set to a 
logic low) and forcing the external data buffers to be disabled 
preventing data bus contention. The BERR* and HALT* are 
also prevented from being asserted by U261 B so no late 
retry cycle is signalled to the MC68020. 

Finally, the cache data RAM isolation buffers U236 - L)239 
are enabled and the direction Is selected to be output from 
the RAMs to the data bus. As there is no bus activity which 
stops the recognition of DSACKO* and DSACKl *, this read 
cycle by the MC68020 from the cache is performed in zero 
wait states at 25 MHz. 

At the end of the cycle all the signals are negated for the 
next bus cycle. 

CONCLUSION 

The design of a 25 MHz logical data cache to interface bet- 
ween the processor and an MMU involves the use of very 
fast logic and static RAMs for zero wait state operation. The 
RAM access speed required in this application is 25 nS to 
allow no wait states operation. 

The control logic has been designed discretely with FAST 
Schottky TTL since the use of PLAs would have a serious 
effect on gate propagation delay times. 

The MC68020 supports a late retry cycle recognition and 
this is used in the design to take corrective action in the case 
of a cache miss. 

As greater performance is required from the MC68020 the 
move towards high frequency zero-wait state operation 
becomes a more Important requirement. If an MMU is 
placed between the processor and memory this will have an 
effect on zero-wait operation at the higher frequencies. 

If the logical data cache can be made large enough, so that a 
high hit rate can be achieved, then slower physical memory 
could be tolerated in the system. 
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Figure 1 : Block Diagram 
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Figure 2: Entry Update Mechanism 
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Designing 
A Cache 
For a Fast 
Processor 


Comparator Chips 
Help Create 
A High-Speed Cache 
For The MC68030 


RICHARD CRISP, BRIAN BRANSON, AND RON HANSON 
Motorola MOS Memory Products Div. , 

3501 Ed Bluestein Blvd., 

Austin, TX 78762; (512) 928-6141. 


T o wring the best performance from the new 
breed of superfast microprocessors, sys- 
tem designers frequently turn to external 
caches. Direct mapped and set-associative 
caches offer advantages, compared with 
fully associative caches. In designing an ad- 
dress-tag-and-comparator system for a di- 
rect-mapped or set-associative cache, engi- 
neers must consider issues such as the 
speed of the hit, the address-bus loading, and the data- 
block size (see ‘What's the Cache?"). 

Issues relating to the specific high-speed microproces- 
sor also crop up. For instance, a system built around the 
MC68030 microprocessor must support two-cycle reads 
and writes related to the address-tag-comparator timing. 
Designers must also resolve questions of whether or not 
and how to support a burst mode. To support this mode, 
they must decide on address-tag and cache-data-RAM 
requirements unique to the mode, such as automatically 
incrementing addresses for the address tags and the 
cache-data RAM. They must also consider the data setup 
and hold timing requirements at the processor. 

Cache Tag RAMs 

Matching the speed of the MC68030 microprocessor, 
the cache-tag comparators in the MCM4180, MCM62350, 
and MCM62351, organized to handle 4 kwords by 4 bits, 
compare data in the cache RAM with an external 4-bit- 
wide data field. The comparison results appear on the 
devices’ Match pins. Each of the cache-tag devices is bulk 
clearable and has read and write functions. Of all the 
cache-system configurations possible with this MCM 
family of RAMS, for a 32-bit-by-16-kword system, a block 
of four MCM4180S as tag valid-bits comparators and 
four MCM62350S provide the fastest hardware arrange- 
ment, least bus loading, and lowest cost (Fig. 1). 

The MCM4180 includes an Exclusive-Nor (XNOR) 
comparator, which matches each bit position with the 
stored data for a true result. This type of comparator 
requires that every bit position match the stored data for 
the result to be true. 

The MCM62350 and MCM62351 supply a user-confi- 
gurable comparator offering the conventional XNOR 
mode and an And-Or-Invert (AOI) mode. Unlike the 
XNOR mode, the AOI comparator treats zeros in any bit 
position as don’t-care bits during the compare operation. 
The AOI option is extremely useful for comparing status 
bits often stored with each address tag. The status bits 
can represent validating entry bits, which allow storing 
multiple data entries with each address-tag entry (block 
size = n), as well as individual so-called dirty bits needed 
for copy-back caching schemes. 

The MCM62350 and MCM62351 RAMs also feature bit- 
set and bit-clear write cycles, which allow individual bits 
to be unconditionally set or cleared through a mask. 
Thus, any combination of the four bits in any particular 
location can be set or cleared without having to read the 
RAM, modify the data, and write it back as in a conven- 
tional SRAM. This feature is useful with the AOI com- 
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parator for storing status bits. Also, 
both the MCM62350 and the 
MCM62351 have ground pins posi- 
tioned to achieve minimum self-in- 
ductance in both DIP and small-out- 
line J-type packages. 

The MCM62350 differs from the 
MCM62351 in that it offers a user- 
configurable Match-output active 
level. The MCM62351 has an active 
high open-drain Match output. Wire- 
ORed connections of separate Match 
pins allow the comparison width to 
expand efficiently. 

The design of external caches for 
the MC68030 involves two major tim- 
ing problem areas — in the address- 


tag-comparator and in the data 
cache. Since the synchronous bus 
protocol makes it possible to use 
short bus cycles and supports burst- 
mode accessing, the prudent design- 
er will also choose to use it for exter- 
nal cache interfacing to the MC68030 
(see Synchronous Bus Proto- 
coV). 

The primary challenge with timing 
the address-tag comparator is to 
avoid wait states when the processor 
runs at a high frequency. Generally, 
only a hit in any given bus cycle 
should assert the Synchronous Ter- 
mination Handshake (/STERM) sig- 
nal. The first order of business, then. 


is how to generate /STERM. 

To avoid a wait state, the MC68030 
asserts the worst-case Address 
Strobe (/AS) signal at the same time 
that the /STERM signal is activated. 
As a result, cache designs for this 
processor cannot generally use the 
/AS to signal the cache that a bus 
cycle is starting. 

Nevertheless, the address-tag 
comparison must be qualified based 
on valid addre$ses that /AS an- 
nounces. Fortunately, a signal called 
External Cycle Start (/ECS) is valid 
slightly earlier than the addresses. 
Whenever the processor needs an in- 
struction or data, it therefore asserts 


W ith a cache, when a 
processor executes a 
new task, it fetches 
from the system’s 
main dynamic memory the first 
instruction and corresponding 
data, plus the instruclions and 
data for several subsequent oper- 
ations at adjacent memory ad- 
dresses. 

The cache’s SEAM memory 
fetches the instaructions and data 
from the adjacent main-memory 
addresses because they have a 
high probability of being used in 
the operations that follow. Most 
programs contain loops, and if the 
cache is large enough, the needed 
information will be present in the 
fast cache, shortening the aver- 
age memory-access time. 

That’s a cache hit. If the cache 
doesn’t contain the information, a 
miss occurs. In this case, the main 
memory again responds, and the 
cache receives u|^ated instruc- 
tions and data. 

A cache controller circuit se- 
quences the necessary functional 
steps. For normal program opera- 
tion, the system doesn’t directly 
address the cache. The cache sub- 
system stores both the informa- 
tion and its corresponding main- 
memory address. The controller 
compares the stored address in 
the cache, called the address tag, 


WHAT'S THE CACHEP 


with the address the processor 
provides to determine whether 
the cache contains the requested 
data, 

Cache types are usually delin- 
eated by their placement policy, or 
mapping algorithm, which deter- 
mines where new information is 
stored in the cache. Most caches 
are either associatively content 
addressable or directly mapped, 
random-accessible types. 

Whereas in a straight RAM, the 
processor directly accesses the in- 
formation, in a content-address- 
able memory a match with a 
stored address of the informa- 
tion’s original main-memory loca- 
tion causes the contents-address- 
able portion of the cache to re- 
spond wiib a pointer (see the fig- 
urCy opposite, left). The pointer, 
or address, then specifies the da- 
ta’s location in a random-access- 
memory portion of the cache sys- 
tem. This fully associative memo- 
ry cache copies the information in 
any main-memory location into 
any location in the cache. 

A directly mapped cache, on the 
other hand, uses random-access 
memories to store both an address 
tag and Hie information’s image 
(see the figure, opposite, right). 
The low-order bits of the address 
from the processor provide an in- 
dex into the address-tag-store 


portion of the cache system, 
which stores the high-order ad- 
dress bits. Tb determine whether 
the requested information resides 
in the cache, the system compares 
the high-order address bits, from 
the proc^sor’s bus with the con- 
tents of the address-tag-store 
RAM. If they’re the same, the 
cache contains the request^ in- 
formation. Unlike in a fully asso- 
ciative cache, in a directly mapped 
cache, a memory-address location 
has its information copied into 
only one unique location. 

The fully associative content- 
addressable memory cache can 
have a higher hit rate than any 
other cache type of the same size 
m. But it’s very expensive^ com- 
pared with a directly mapp^ ran- 
dom-access cache memory of ewn- 
parable size. 

When n directly mapped caches 
operate in parallel, tiie cache is 
designated as an n-way set-asso- 
ciative type. Nevertheless, sys- 
tem designers may consider both 
directly mapped and f uDy associa- 
tive types as set-associative 
caches. A chrectly mapped cache 
is simply a one-way set-associa- 
tive type, and a fully associative 
one is an w-way set-associative 
type. 

A four-way set-associative 
cache yields about the same hit 
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/ECS during the clock’s high phase 
when the new addresses appear. 
Should the processor find what it 
needs in its internal caches, it would 
not assert /AS and an external bus 
cycle would not run. If /STERM acti- 
vates when no bus cycle runs, the 
processor ignores it. 

The timing diagram of the syn- 
chronous bus shows that after ad- 
dresses are valid, /STERM must be 
activated within just a half clock pe- 
riod minus the clock-rise time to 
avoid wait states. Operating at 25 
MHz, that leaves only 15 ns to check 
for a cache hit and assert /STERM if 
wait states are to be avoided. 


The circuit must furnish an extra 
gate for the results of the tag com- 
parator to be ANDed with a qualifi- 
er — a latched /ECS signal. A 74F64 
AOI gate can AND the Match sig- 
nals from the tag comparators to this 
qualifier. Unfortunately, this gate 
adds a 5.5-ns delay to the circuit. Con- 
sequently, the tag comparators must 
perform their comparison in 9.5 ns. 

Since TTL-compatible tag compar- 
ators aren’t that fast, this technique 
isn’t feasible. Two options remain: 
Always assert /STERM after /ECS, 
and if the cache misses assert 
/BERR and /HALT retry, or insert a 
wait state. With retries, at 25 MHz, 


the tag comparator has 35 ns to per- 
form its function and generate 
/STERM. At 33 MHz, it has just 28 
ns. For the wait-state option, 34.5 ns 
is available to generate /STERM af- 
ter the addresses are valid. 

Retries, however, can run into 
trouble. After requesting a retry, 
the processor must disable the cache 
to prevent a system deadlock condi- 
tion when the bus cycle reruns. Also, 
before the bus cycle can rerun, a two- 
clock-cycle delay occurs. As a result, 
the penalty incurred when the exter- 
nal cache misses might be greater 
than it would be if the processor as- 
serted /STERM only on a cache hit. 


rate as a fully associative <Hie-way 
cache of the same size, lu an n> 
way set>ass<K!iative cache, auy 
parbeular address location luaps 
data in n locations in the cache. 
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tmrammf the time lahen to has 
ioid:tl^1iiihesses 
mum. irhu8, one component 
both stme ai^ compure 
tags to mUnhsO 
lays 

nid lioliagaii^ Wm k 
hy^^ldtcac^ epma^ona 
Mt sMtem put 

stme e aiiresa^ 

6eld, plus a I7th bit to tpumte 
that the address ti^ m a vaM eu'* 


try. ConsequenUy, stot^e of 
oi^ one cadie d^ Itein fc^ each 

equal to one**Hmi|utres m ad> 
dress4i^ stoi^ 16 

11^^- - - . 

ea^addre^i 


dress tag is to have n validating 
bits stor^ along with the address 
tag. Ihen when the system re- 
co^ a mks, the controller up- 
did^ the addreim tag and sends 
only the validating bit corre- 
spCHdding to the transferred data 
Jtom. This procedure requires 
oidy a ^bit data bus and one 
mainmeinory cycle to allocate a 
!^ur<mcbeline. 

An Increased block size would 
'^msm that d^ignmrs need fewer 
m^i^ry components to build the 
store and a>mpra> 
^ hnt^e bkiek size with fewer 
saves board 
i^fhdcs but also 
reduces address4us loading, 
Mkh of course, will r^ult 
m ^ter prfmrmance. 



Processor 


MOTOROLA MEMORY DATA 


10-31 









DESIGNING A CACHE . . . (AR270) 


lasEEnisnEa 

CACHE SYSTEMS 


Therefore a no-wait-state cache with 
a low hit rate can perform worse 
than a cache with a wait state. 

A secondary difficulty with tajif 
comparators in MC68080 cache de- 
sij^ns is supporting burst-mode ac- 
cesses. The address-tag-comparatof 
timing is clearly a limiting factor in 
the design of external caches for the 
MCbHOliO. Because , the burst-mode 
cycles furnish only a first address 
for the four desired long words, the 
circuit must provide autoincrement- 
ing addressing to the address-tag 
comparator and the cache-data 
RAMs. This requirement, coupled 
with the fact that burst transfers can 
occur in single clock cycles, implies 
that incrementing the addresses into 
the address-tag comparator will not 
be fast enough to support one-cycle 
bursting. 

Organizing the cache with a block 
size of four is a viable one-cycle 


bursting solution. Storing a valid bit 
for each long word per tag, then, re- 
quires only checking the valid bit on 
the fly during the bursting portion of 
the burst-mode transfer. 

This approach can exploit the fast 
timing of the compare port in an 
MCM62350 or MCM62351 to store 
the valid bits. It also allows the AOI 
comparator option for the valid-bit 
comparisons to operate effectively 
(Fig. 2). 

A Pal Pointer 

The open-drain Match pins of the 
MCM62351S permit wire-ORing of 
the four address-tag outputs to the 
matching circuit and thereby the 
elimination of a fan-in gate. A PAL 
device makes possible a simple, fast 
input to this circuit by providing a 
pointer for checking only the rele- 
vant long word while bursting. The 
address tag still needs comparison. 


but only on the initial access. 

The PAL should contain a decoder 
to decode addresses A2 and A3 from 
the processor. The resulting one-of- 
four outputs then enter a shift regis- 
ter, also built into the PAL. In this 
way, the four outputs from the PAL 
provide the compare port of the sta- 
tus-bit comparator with a rotating 
pointer. In the AOI comparator, a 
I single valid bit compares when only 
one of the four compare inputs is at a 
logic-one level. The other three valid 
bits become don’t cares. 

A block size of four not only allows 
single-cycle bursting to work, but it 
also saves components. Further- 
more, because address-line loading 
is reduced, the processor can drive 
its address bus more quickly. The re- 
sult is fast hardware. 

. The main data-RAM issues relate 
to burst mode. They include address 
autoincrementing and data setup 



■ 1. A CACHE SYSTEM with four XNOR-configured comparators and one AOI configured comparator— each with a depth of 4-kword 
entries, a 16-kword-by-32-bit cache, and a block size of four— has the lowest cost, reduced bus loading, and fast hardware. 
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A SYNCHRONOUS BUS PROTOCOL 


T he MC68030 adds a new 
bus protocol — the syn- 
chronous bus cycle — to 
the MCeSXXX family of 
processors. Like its predecessors, 
the MC68030 supports the stan- 
dard asynchronous bus protocol. 
Unlike the asynchronous bus on 
the MC68020, the 60830’s synchro- 
nous bus doesn’t support dynamic 
bus sizing. As a result, all syn- 
chronous bus cycles issue from a 
32-bit port 

The minimum length of the 
MC68030’s synchronous bus cycle 
is two clock periods, whereas the 
MC68020 has a minimum bus cy- 
cle of three clock periods. Also, 
the MC68030 has on-chip memory- 
management functions; the 
MC68020 does not. Since an 
MC68851 memory-management 
unit requires a clock cycle to 
translate logical addresses to 
physical addresses, the minimum 
physical bus-cycle length of an 
MC68020-MC68851 combination 
requires four clock periods. The 
MC68030 bus can therefore oper- 
ate twice as fast as an equivalent 
MC6802(KMC68851 system at any 
given clock fi^uency. 

Another feature ^ded to the 
MC68030 bus, the burst-mode pro- 
tocol runs only in synchronous 
mode. The MC680d0 has two intei^ 
nal caches — ^an instruction cache 
and a data cache. Both have 16 
lines with a block size of four (four 
32-bit words per address tag). 
When either internal cache of tiie 
MC68030 records a line miss from 
a cachable area of main memory, 
the system attempts to burst four 
long 32-bit words to fill the new 
line. 

The processor places the ad- 
dress of the first long word on the 
bus and expects the return of the 
corresponding data, plus three ad- 
ditional long words, in as little as 
three clock cycles. The processor 
doesn’t change the address on the 
bus during these subsequent 
transfers. Rather, it assumes that 


the external memory increments 
address lines A2 and A3 in a modu- 
lo-fdur fashion, as if the the bus 
were operating in nibble mode. 
Thus, with no wait states, the 
MC6^30 receives as many as four 
long words in just five clock cy- 
cles by using the burst-mode pro- 
tocol. Because the application’s 
characteristics affect the type of 
code the system runs, the decision 
of whether or not to use the burst 
mode is very important. System 
designers would do well to study 
the matter in depth. 

A knowledge of the timing re- 
quirements of no-walt-state oper- 
ation is crucial to understanding 
how the MC68030’s synchronous 
bus operates (see the figure). 
When a new bus cycle starts, the 
processor delivers memory, ad- 
dresses during a system-clock 
high time, but the addresses are 
guarantee valid only at the end 
of the clock high tame. 

To avoid wait states, the Syn- 
chronous Termination Hand- 
shake signal, /STERM, must as- 
sert 0 ns before the rising edge of 
the next system-clock pulse. If 
this condition is met, the proces- 
sor latches the data on the next 
falling edge of the clock. Ihe pro- 
cessor ne^ a 5-ns setup time for 
the data with respect to Ihe falling 
edge of the clock. 

If the processor requires wait 
states, /STERM can be delayed 
relative to the clock rising edge to 
allow the use of slow memories in 
the synchronous mode. This fea- 
ture applies also to burst-mode cy- 
cles. But when the processor rec- 
ognizes /STERM on a dock rising 
edge, data latches on the next fall- 
ing edge, subject, of course, to ad- 
equate setup and hold times. 

When the processor runs a 
burst cycle, it can accept new data 
with the same setup time to the 
clock on the clock’s next three fall- 
ing edges. The processor also 
ne^ an 8-ns data hold time after 
the clock falls when operating at 


25 MHz. Accordingly, if the pro- 
cessor runs burst cycles at 25 
MHz, the data must be valid dur- 
ing the bursting portion of the cy- 
cle for 13 ns of the 40-ns clock peri- 
od to meet the processor’s setup 
and hold time requirements. 

Like its predecessors, the 
MC68030 microprocessor sup- 
ports bus retries and reruns. If 
the bus-termination handshake 
STERM/, or DSACKx/, is assert- 
ed with proper setup time relative 
to a rising clock edge, activating 
BERR/ and HALT/ with a 5-ns 
setup relati\ c; to the next falling 
edge of the clock aborts and re- 
runs the current bus cycle. But 
this action results in two dead 
clocks on the bus before the bus 
cycle restarts. Nevertheless, no 
wait-state caches designed for the 
MC^OBO use this technique to 
prevent the processor from latch- 
ing bad data when an external 
cache records a miss. 
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1 2. ORGANIZING THE CACHE with a block size of four is a viable single-cycle burst-mode solution. This approach can exploit the 
fast timing of the compare port in an MCM62350 or MCM62351 to store the valid bits and make it possible to effectively apply the AOI 
comparator option for the valid-bit comparisons. The open-drain Match pins of the MCM62351 permit the wire-ORing of the four address-tag 
outputs to the matching circuit, thereby eliminating a fan-in gate. 


and hold timing to the processor. At 
issue is whether burst mode sup- 
ports two-cycle write timing. 

If a synchronous bus cycle is run, 
the data must set up at the processor 
without delay (in 5 ns), before the 
first falling edge of the clock after 
the processor recognizes the 
STERM signal. If the cycle is two 
clock periods, then the time available 
to access the cache-data RAM equals 
a clock period. For a 25-MHz clock, 
the time available would be 35-ns. A 
33-MHz clock would yield a 25-ns in- 
terval. 

For single-clock burst cycles, also, 
35 ns is available for RAM accesses 
at 25 MHz. But the data hold time af- 


ter a clock low at 25 MHz is merely 15 
ns. That short time interval calls for 
very fast output-enable SRAMs, 
such as the MCM6290. 

To support the burst mode, a 
74F191 counter, inserted in series 
with A2 and A3 address pins, gives 
two incremental addresses to the 
cache-data run for autoincrement 
addressing. Unfortunately, the pro- 
cessor's data-hold-time require- 
ments prevent this scheme from 
working. Besides, the counter’s la- 
tency in a parallel-load mode re- 
quires a RAM faster than 35 ns. 

A MCM6295 synchronous SRAM 
as the cache-data RAM, with one 
74F191 counter, readily supports sin- 


gle-cycle bursting (Fig. 3). Latching 
the data outputs when the synchro- 
nous SRAM clock is low resolves the 
issue of data-hold time. Further- 
more, once the synchronous SRAM 
clock drives high, the addresses into 
the device are registered and can be 
changed for the next access in the 
burst sequence. 

When the MC68030 performs a 
two-clock write cycle, the data and 
address sent to the RAMs are simul- 
taneously valid for only a half clock 
period. For clock frequencies over 25 
MHz, this time isn't adequate to com- 
plete a write cycle in typical fast stat- 
ic RAMs. In that case, it’s necessary 
to insert a wait state. □ 
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3. AN MCM6295 SYNCHRONOUS SRAM, a cache-data ram with one 74F191 

counter, readily supports single-cycle bursts. 
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INTRODUCTION TO SYNCHRONOUS 
SRAM ARCHITECTURE 

Fast static RAMs (FSRAMs) are commanding a lot of at- 
tention from today's high performance system designers who 
frequently find that the speed of their system is limited by the 
performance of FSRAMs on the market. As 32-bit micropro- 
cessor-based systems become faster and more prevalent, the 
demand for sub 25 ns FSRAMs will grow even more. 

FSRAMs are the driving force behind semiconductor tech- 
nology today: they have the smallest circuit features— as low 
as 0.8 micron from some manufacturers— and use special pro- 
cesses like double-level metal and BIMOS. The Fast SRAM 
has come a long way from its slower ancestors like the 1 K x 4 
Model 2114. The ease of use and dependable performance 
that resulted from the asynchronous performance of SRAMs 
have been replaced by the raw speed which is pacing today's 
demand; however, FSRAMs are still expected to meet the 
basic SRAM specifications for pure asynchronous perfor- 
mance. This dichotomy has caused problems as chip designers 
come up with more innovative ways to speed up their circuits. 
Address transition-detection circuitry, for example, caused a 
number of problems when first introduced in 2K x 8 FSRAMs 
under certain system conditions. With such advanced tech- 
nology being used and the cost of manufacturing these chips 
so high. Motorola has developed an alternative to a high-tech 
15 ns access SRAM that uses conventional technology. 

Motorola's newest SRAMs are the first to fully embrace the 
primary purpose of Fast SRAMs. They totally abandon the 
previous definition of asynchronous SRAMs. They have the 
requirement of a clock signal, and are, therefore. Synchronous 
SRAMs. They have separate pins for input and output data, 
and do not specify standby power. 

Motorola offers four different 65,536-bit Synchronous 
SRAM family members organized as 16Kx4: Models 
MCM6292, MCM6293, MCM6294, and MCM6295. The tech- 
nology used for their implementation is the fast, low power- 
consuming, and noise-immune HCMOS III, which uses a sil- 
icon gate for its fabrication. One of the main advantages to 
using these devices is that they can be designed into system 
cache-memory or writeable control-store applications with 
fewer interfacing glue-type parts than the standard SRAM 
memory. Among the reasons for this are the integrated input 
and output latches that are capable of driving loads up to 130 
pF. Due to the increased operating speed of the device and 
the additional output-buffer loads, an extra ground pin has 
been placed on the chip. 

Four different devices have been specified so that all com- 
binations of the output-latching and output-enable features 
are in the offering. The MCM6292 comes equipped with latches 
that are edge triggered on the inputs but transparent on the 
outputs. To support systems with pipelined data, the 
MCM6293 is offered with edge-triggered latches on both the 

Reprinted with permission from ECN, Chilton Company, October 1987. 


inputs and outputs. The MCM6295 and MCM6294 are output- 
enable versions of the two basic parts. All of the Synchronous 
SRAMs come with separate data-in and data-out pins; how- 
ever, some systems specify a more conventional common 
I/O mode, and the asynchronous output-enable control (G) 
which replaced the S signal on these parts can be helpful in 
such a case. 

In many designs using SRAMs, there is actually extra time 
during the cycle that is being wasted. In more critical appli- 
cations, the Synchronous SRAM offers an alternative to the 
conventional SRAM. An external clock input (K) can be used 
to precisely control the cycle by directing the operation of the 
on-chip latches. 

The designer of small personal computer systems can use 
the Synchronous SRAM in a number of storage areas. One 
of the primary applications, cache memory. Is high-speed 
memory that resides between the central processing unit (CPU) 
and the main memory of the system. Accesses to this fast 
cache typically require 60 ns versus the 200 ns needed to 
perform an access to main memory. One way the cache is 
used is to store data or Instructions from main memory that 
are frequently called for by an application. As an example of 
this, higher-level languages often use repetitive loops: by stor- 
ing the data necessary for these repeated operations and in- 
structions in the cache, accesses to the main memory can be 
avoided. 

A typical system is illustrated in Figure 1 . It is configured 
as a cache memory residing between the CPU and the system 
bus. The system bus links the main memory and I/O devices 
to the CPU by way of the cache. 



Figure 1. A primary synchronous SRAM application is 
high-speed cache memory residing between the CPU 
and the main memory of a personal computer system. 
Accesses to the cache typically require 50 ns, whereas 
main memory takes 200 ns. 
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In operation, there is one set of locations in which data is 
stored and another set of locations containing a cache tag for 
each word in the cache. The cache tag identifies the main 
memory location with which the data is associated. A com- 
parison is made between the cache tags, which are located 
in the cache memory, and the address, which is generated by 
the microprocessor at the beginning of a cycle. If a cache tag 
and the address match, there is no access made to main 
memory, but instead the read or write cycle is executed on 
the corresponding byte of data stored in the cache. When the 
address does not find a match, a miss occurs, and new lo- 
cations must be read Into the cache from main memory. 

A cache miss is the result of a mismatch between the cache 
tag and the desired address to be accessed by the CPU. When 
this occurs, the system logic is allowed to perform a retry of 
the previous access. The appropriate address is accessed from 
main memory. Following an update of the cache, the data is 
then available for processing. 

The cache hit rate is the actual percentage of accesses made 
to the cache in which the requested address is resident. In 
order to keep the hit rate as high as possible, a variety of 
software routines are used. The function of these routines is 
to keep the cache as full as possible with the most frequently 
used data. In so doing, the cache hit rate for both the data 
and instruction caches will be maximized, increasing overall 
information throughput. 

The Harvard architecture, an efficient method used in many 
current day applications, is characteristic of a configuration 
which supports parallelism throughout a system. Synchronous 
SRAMs can be organized as relatively small external caches 
connected to the data buses and instruction paths located 
between the CPU and main memory. This will allow simul- 
taneous instruction execution and data prefetches. The ex- 
ternal cache demonstrates another system speed en- 
hancement capability of these devices. 

ADDRESSING CONSIDERATIONS FOR 
READ/WRITE CYCLES 

To better understand the Synchronous SRAM's addressing 
capabilities in regard to read and write cycles, refer to Figure 


2. in this illustration, there are four MCM6292 synchronous 
SRAM devices configured to operate on a 16-bit data bus. 
Each memory has four data inputs and four data outputs to 
allow the transfer to data. The address bus consists of 14 
address bits, A0-A13. These 14 bits are required to decode 
and access the 65,536 memory locations of each device. The 
memory matrix is configured as 128 rows by 512 columns. The 
system clock is connected to the (K) input of each memory 
and used to latch all inputs, outputs, write enable, and chip 
select. 

In Figure 3, there are two different read-cycle timings being 
represented for the MCM6292 (transparent output latches). 
Both are examples of systems that use the rising edge of (K) 
to latch all inputs to the memory device. The states of the 
outputs are then held until the clock makes its transition to 
the low state. With this Synchronous SRAM, however, it is 
possible to have different memory access times, depending 
upon the condition of the clock (K). If the clock pulse is high 
for less than the 25 ns access time of the memory device, the 
total access time is rated at tKHQV (Read Cycle 1). 

On the other hand, if the high portion of the clock cycle lasts 
longer than 25 ns, the total access time becomes tKLQV <10 
ns maximum) plus the length of the clock high (Read Cycle 
2 ). 

Figure 4 has been included to show the timing of a write 
cycle. The timing of a write operation is similar to that of the 
previously discussed read cycle. One point to consider is that 
to generate a write pulse, there is no requirement for complex 
external Interfacing chips. This is accomplished through the 
self-timing mechanism which samples both the write enable 
and input data when (K) rises. A high-impedance state is 
entered when the clock returns low. 

MPU AND MEMORY SPEED CONSIDERATIONS 
AT A SYSTEM LEVEL 

One consideration worth mentioning is that many memories 
are not able to keep up with very high-speed MPU control 
devices. This has been a problem with DRAM technology for 
a number of years. MPUs operating at clock speeds of over 
20 MHz are common in both business and engineering systems 



Figure 2. An array of synchronous SRAMs is configured for a 16-bit data bus. Each MCM6292 has four data inputs, 

four data outputs, and fourteen address lines. 
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READ CYCLE 1 (See Note 1) 
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READ CYCLE 2 (See Note 2) 
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Figure 3. If the system's clock high, t^HKL' shorter than the MCM6292's 25 ns access time, then the total access 
time will be 25 ns. However, if tKHKL 's longer than 25 ns, total access time is increased. 
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Figure 4. In a write cycle, the seif-timing mechanism of the MCM6292 samples both the write enable and the input 

data when the clock signal, K, rises. 

WHAT'S TO COME FROM 
SYNCHRONOUS SRAMs 


in use today; therefore, 25 ns Synchronous SRAMs are ideal 
to operate with zero wait states. 

Wait states are implemented with slower SRAMs and most 
DRAMs to freeze the state of the microprocessor address and 
data bus for a clock cycle. As long as the signal controlling 
wait states is asserted, more wait-state periods will be gen- 
erated. The microprocessor resumes operation when the wait- 
state signal is negated. 

The alternative to implementing a wait state to halt the 
microprocessor for a slow memory device is to use the much 
faster Synchronous SRAM. Its timing parameters can be more 
exactly controlled, making the system operate more efficiently. 
Faster data throughput plus an improvement in overall system 
performance make the Synchronous SRAM cache a very cost- 
effective solution in a microprocessor-based system. 

When performing read and write operations in a personal 
computer system, the timing relationship between a high- 
speed microprocessor's system clock and a typical Synchron- 
ous SRAM's cycle time constraints is very critical. These op- 
erations could be as simple as Inputting console information 
for CRT display outputs or as complex as supporting multi- 
tasking environments or concurrent execution of operations. 

High-performance microprocessor systems with operating 
frequencies of 20-25 MHz are a realistic timing example being 
offered today. For microprocessors capable of operating at 
these speeds, a 25 ns Synchronous SRAM Is ideally suited. 
These devices not only provide precise clocked timing control, 
but also will support applications requiring system clocks run- 
ning at over 30 MHz. This can be accomplished without in- 
curring any degradation of the processor by inserting wait 
states. 


Very high cache hit rates can be attained from a relatively 
small cache store. The high-rate efficiency is primarily due to 
the fact that the cache is located external to the CPU rather 
than actually being an on-chip cache, as is the case with some 
high-performance microprocessors. 

In addition to the popular high-speed cache-memory appli- 
cations, Synchronous SRAMs are also ideal for writeable con- 
trol store environments. Data can be downloaded into a 
Synchronous SRAM array, and the information can be ac- 
cessed at very high speeds— much faster than from a DRAM 
array. 

Memories are taking on new roles. Because of this, they 
are being used in a wide variety of application areas and op- 
erating to support functions previously not possible. Future 
Synchronous SRAM devices will be even more complex and 
some will very likely contain higher degrees of intelligence. 
Many will be designed with special system functions in mind. 
Higher-speed operation working from lower voltage sources 
is just one example. There will be enhancements allowing the 
designer more flexibility and enabling him to reach supercom- 
puter performance. 

Current-day static memories support numerous applica- 
tions. The synchronous SRAMs discussed above will be of- 
fered in 300-mil, 28-lead CERDIP and 400-mil, 28-lead plastic 
SOJ packages. These configurations satisfy the requirements 
of most systems presently. As chip integration and sophisti- 
cation continue to advance, the packaging technology will also 
need to advance to promote future innovations within the 
industry. 

For more information on MCM6292-series synchronous 
SRAMs, contact Memory Marketing at Motorola, Inc., MOS 
Memory Products Div., P.O. Box 6000, Austin, TX 78762. (512) 
928-6700. 
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INTRODUCTION 

The market for semiconductor memory products suitable 
for today's high speed cache applications is changing dra- 
matically as the demand for higher performance super mini, 
ASIC, and microprocessor based computers rapidly increases. 
This development has put heavy pressure on MOS memory 
suppliers for faster and faster static RAMs to support shorter 
and shorter processor cycle times. To utilize their full system 
performance, fast SRAMs require precise system control, long 
address hold times, and have tight write pulse requirements. 
They provide short data valid time, cause common I/O data 
contention, and offer low drive capability. Todays high per- 
formance processors themselves have simitar I/O require- 
ments. Therefore system designers have many concerns when 
designing a fast memory subsystem. They must use additional 
logic (latches, drivers, pulse generators, etc.) to allow the 
memory subsystem to interact efficiently with the processor 
at the fastest system cycle times. 

A solution to get the memory and the processor to work 
well together at fast cycle and access times lies not only in 
faster components, but in minimizing the need for external 
glue logic and its associated delays. The Synchronous Static 
RAM is defined as having on chip latches for all its inputs and 
outputs, added drive capability, and a self timed write cycle 
all under the control of the system clock. This eliminates the 
need for most external logic chips and allows the memory to 
run at higher system speeds than standard SRAMs with com- 
parable access times. 

This paper outlines the basic architecture of a Synchronous 
SRAM that Motorola plans to introduce in the first half of 
1988. We will highlight its advantages over standard SRAMs 
in high frequency computer system operation. This is followed 
by an application example for a MC68030 cache subsystem. 

ARCHITECTURE AND OPERATION 
ARCHITECTURE 

A block diagram of the 16Kx4 Synchronous SRAM is 
shown in Figure 1 . Thl^diagram shows all inputs, outputs, 
and control signals (W, S, and K) to the part; addresses (AO- 
^3), data in (D0-D3), ^ta out (00-03), clock (K), chip select 
(S), and write enable (W). All inputs, outputs, write enable, 
and chip select are latched by the clock. 

The latches are one of two types, either positive edge trig- 
gered or transparent. The positive edge triggered latches are 


latched by the rising edge of clock (K). The transparent latches 
are frozen when the clock is in the high state and open when 
it is in the low state. Our parts feature two of the possible 
combinations of input and output latches. The first part, the 
MCM6292, features edge triggered latches on the inputs and 
transparent latches on the outputs. Our second part, the 
MCM6293, has edge triggered latches on both inputs and 
outputs, to aid in pipelining data. 

The output buffers on all of our parts are capable of driving 
130 pF loads. The output buffers were designed to drive this 
load because in some systems the latches that they replace 
would be required to drive a comparable size load. Due to the 
size of load that the output buffers must drive, and the speed 
at which the part operates, we have added an extra ground 
pin (Vssq)- This pin is the ground connection for all of our 
output drivers, and allows us to drive our outputs harder and 
also gives us noise immunity on the ground bus. 

For systems that require a common I/O configuration we 
expect to offer the MCM6295 and the MCM6294, which are 
the MCMJ6292 and the MCM6293 with an asynchronous output 
enable (G) option. These parts, tjie MCM6294 and the 
MCM6295, replace the chip select (S) buffer with an asyn- 
chronous output enable (G) buffer. 

OPERATION 

The operation of these parts is much the same as a standard 
16K X 4 SRAM except for the fact that the inputs and outputs 
are latched and the cycle begins with the low to high transition 
of the clock. The following examples will concentrate on a 
read and write cycle for both the MCM6292 and the MCM6293. 
The MCM6294 and MCM6295 read and write cycles are the 
same as the MCM6292 and the MCM6293 except that the 
outputs can be put into a high impedance state at any time 
by using output enable (G). 

During a read, see Figure 2, all inputs are latched into the 
part at the rising edge of the clock (K) In both the MCM6292 
and the MCM6293. For the MCM6292, when clock goes high, 
the outputs become latched and are held in that state until 
the clock falls low. Since the output latches are transparent, 
during clock low time, there are two possible access times, 
fKHQV 3nd tKLQV- These access times are dependent upon 
the high pulse width of the clock. If the high pulse width is 
less than the access time of the memory array the longer 
tKHQV spec is the clock access time. However if the clock 
high pulse is longer than the memory array access time, the 
clock access time becomes tKLQV- the MCM6293 the 
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Figure 1. Synchronous SRAM Block Diagram 


outputs transition only when the clock switches from low to 
high. The output data that is latched during the low to high 
transition bf the clock is the data from the previous read cycle. 

For the write cycle, see Figure 3, all inputs are handled in 
the same manner as in the read. Since both write enable and 
the input data are sampled on the rising edge of the clock the 
write becomes self timed. This eliminates the need for complex 
off chip write pulse generating circuitry. The outputs are put 
in a high impedance state tKLOZ fhe clock falls low for 
the MCM6292. In the MCM6293 the output buffers will not 
go into a high impedance state until the low to high transition 
of the clock at the beginning of the next cycle. The MCM6294 
and the MCM6295 allow the user to put the output buffers 
into a high impedance state asynchronously by using the out- 
put enable input. This allows the user to put the output buffers 
into a high impedance state earlier in the cycle, which eases 
the data contention problem when the part is used in a common 
I/O system configuration. 


SYSTEM ADVANTAGES (SRAM vs SSRAM) 

SYSTEM DESCRIPTION AND TIMING 

Figure 7 shows two examples of a 1 6K x 32 bit memory using 
standard parts. The systems shown require eighteen parts 
each, ten latches and eight 16K x 4 SRAMs, to implement the 
same function as eight synchronous SRAMs and no glue logic. 

The functional equivalent of a MCM6292 is the standard 
16Kx4 SRAM with edge triggered latches on the inputs and 
transparent latches on the outputs, as shown at the top of 
Figure 7. The parts used in this example are six 'F374 octal 
D-type flip flops, four 'F373 octal transparent latches, and eight 
6288 16Kx4 SRAMs. The predicted timing diagram for the 
system is shown in Figure 4. This timing diagram compares 
the predicted system access with that of the MCM6292. In the 
timing diagrams an approximate skew of 5 ns was added to 
the address timing to allow for some propagation delay from 
the MPU or CPU. For the purpose of comparison, three timing 
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NOTE: AT— Address generation and transition time. 

Hgure 4. Standard SRAM vs MCM6292 Timing Diagram 
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parameters were calculated, tCYC (cycle time), tAVQV (ad- 
dress valid to data out valid time), and tKQV (address clock 
valid to data out valid time). The equations used to calculate 
each of the timing parameters for the standard SRAMs are as 
follows: 

tcYC = "(3 + Tb - Tc 
tKQV = Ta + Tb + Td 
f AVQV = skew + setup + Ta + Tb + Td . 

The equivalent timing parameters for the MCM6292 can be 
determined as follows: 

fCYC = Tb 
tKQV = Tb 

fAVQV~ skew + setup + Tb . 

The equivalent circuit for the MCM6293, as shown at the 
bottom of Figure 7, is a 16Kx4 SRAM with positive edge 
triggered latches on both inputs and outputs. For this example 
the parts used are, eight 6288 16Kx4 SRAMs and ten 'F374 
octal D-type flip flops. The timing diagrams for this example 
are shown in Figure 5. The equations for calculating the timing 
parameters are as follows: 

Standard SRAMs: 

tCYC = Ta + Tb-Tc 
f KQV = Ta + Tb + Td + Te 
f AVQV = skew + setup + Ta + Tb + Td + Te 

MCM6293: 

tCYC = 'Cb 
fKQV = Tb + Te 

f AVQV = skew + setup + Tb + Te 


SYSTEM COMPARISONS 

The timing parameters for the 25 ns 16Kx4 synchronous 
SRAMs and the equivalent circuits using 25 ns SRAMs are in 
Table 1 . Also in Table 1 are timing parameters for other systems 
using progressively faster and more expensive SRAMs. From 
this table it can be determined that if either t^vOV ^KQV 
were the most important timing constraints a much faster 
SRAM would be needed to match the performance of the 
synchronous SRAM. For the performance of the system built 
with standard parts to match the performance of the 25 ns 
MCM6292, it would be necessary to use a 10 ns SRAM. Sim- 
ilarly, if the system used 25 ns MCM6293s the equivalent sys- 
tem made from standard parts would require 15 ns SRAMs. 

Another important advantage of the synchronous parts over 
standard parts is the board level chip count; 18 parts are nec- 
essary when using standard SRAMs while only 8 parts are 
needed for the synchronous SRAM implementation. This is 
critical when board space is an important factor. Also, the fact 
that data and write enable are sampled on the rising edge of 
the clock, eliminates the need for complex write pulse gen- 
erating circuitry. Finally, in order to get the high speed per- 
formance out of standard SRAMs, it requires precise timing 
and phase control of two clock signals (K1 and K2), while in 
the synchronous part only one clock (K) is needed. 


APPLICATION: MC68030 CACHE SUBSYSTEM 

The Synchronous SRAM combined with the Motorola 
MC68030 microprocessor illustrates the potential of this ad- 
vanced memory architecture. The high frequency performance 
of microprocessors like the MC68030 can be impaired by having 


STANDARD SRAM WITH EDGE TRIGGERED LATCHES ON AMPUTS AND OUTPUTS 
('AVQV = 54 ns, tcYC * 25 ns) 
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to wait for slow memory to respond. For this example we will 
use a 16K by 32-bit cache system running at frequencies of 
up to 33-1 /3 MHz. This does not mean that you can purchase 
MC68030 processors today at this speed, only that our 25 ns 
SSRAM will support this processor up to that speed. The 
MC68030 timings used for this example are extrapolated from 
the current 16.67 and 20 MHz specifications that exist today 
and are not intended to be the official specifications. 

We will exploit the processor's burst read cycle which sup- 
ports burst filling of its on-chip instruction and data caches, 
adding to the overall system performance. The on-chip caches 


are organized with a block size of four long words, so that 
there is only one tag for the four long words in a block. Since 
locality of reference is present to some degree in most pro- 
grams, filling of all four entries when a single entry misses can 
be advantageous, especially if the time spent filling the ad- 
ditional entries Is minimal. When the caches are burst-filled, 
data can be latched by the processor in as little as one clock 
for each 32 blts.1 

The timing diagram shown in Figure 8 shows a burst read 
cycle (four 32-bit words read) in a 3-1-1 -1 clock cycle config- 
uration. The first word is read In 3 clock cycles and the re- 
maining three words are read In one clock cycle e ach. The 
burst read cycle begins with a cache burst request (CBREQ) 
from the processor followed by a cache burst acknowledge 
(CBACK) from the memory controller. This means the pro- 
cessor is requesting a burst cycle and the accessed memory 
can comply. During the burst cycle the processor supplies the 
starting address in the normal synchronous fashion and holds 
it valid until all four long words are read. It does not provide 
the next three addresses required to complete the burst fill, 
so they must be generated off chip. For this example we used 
a 'F191 counter whose control signals, PL and CE, a re gen- 
erated in a cache controller. The clock input, CP (CLK), is the 
opposite phase of the system clock. The S SRAM operates 
with the same inverted system clock (CLK) and receives Its 
addresses from two sources; A2-A13 are supplied from the 
processor's address bus, and A0-A1 are supplied from the 
'F191 counter to allow nibble counting as shown In Figure 6. 


STANDARD SRAM WITH EDGE TRIGGERED LATCHES DN INPUTS AND 
TRANSPARENT LATCHES DN DUTPUTS 



STANDARD SRAM WITH EDGE TRIGGERED LATCHES ON INPUTS AND OUTPUTS 



Figure 7. Standard SRAM Implementations 
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Figure 8. MC68030 Burst Fill Timing 
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Table 1. Timing Comparisons Between SSRAMs and SRAMs 



25 ns 

25 ns 

20 ns 

15 ns 

10 ns 

Timings 

SSRAM 

SRAM 

SRAM 

SRAM 

SRAM 

Trans. 

Edge Trig. 

Trans. 

Edge Trig. 

Trans. 

Edge Trig. 

Trans. 

Edge Trig. 

Trans. 

Edge Trig. 


Output 

Output 

Output 

Output 

Output 

Output 

Output 

Output 

Output 

Output 

tCYC 

25 ns 

25 ns 

25 ns 

25 ns 

20 ns 

20 ns 

15 ns 

15 ns 

10 ns 

10 ns 

tAVQV 

35 ns 

45 ns 

50 ns 

54 ns 

45 ns 

49 ns 

40 hs 

44 ns 

35 ns 

39 ns 

tKQV 

25 ns 

35 ns 

43 ns 

43 ns 

38 ns 

38 ns 

33 ns 

33 ns 

28 ns 

28 ns 


The timing begins with the request, the acknowledgment 
and the generation of the first address. This address is used 
to access one of the four long words. Two low order address 
signals from this address must also be loaded into the counter. 
At the beginning of the cycle the parallel load signal for the 
counter is enabled, the address is then loaded in and the PL 
signal can be disabled. The counter will provide the memory 
this first address a propagation delay later and then increment 
it on successive clock edges to supply the memory with the 
remaining three needed addresses. After receiving all four 32- 
bit words the processor is free to continue. 

A similar system built using standard MCM6288 (16Kx4) 
type SRAMs would require the use of off-chip input and output 
latches ('F373 or 'F374 type) in addition to the counter. It 
would require four chips to perform the latching function for 
32-bit data in, and four chips to latch the 32-bit data out, for 
a total of eight additional 20 pin packages added to the memory 
PC board. This standard SRAM cache system would also 
require additional logic in the cache controller to support the 
write pulse, associated write enable and data in timing for 
write cycles, and the generation of a second clock (LE or CP) 
to separately control the input and output latches. To attain 
the cache system speed of 33-1 /3 MHz would require a SRAM 
access time of approximately one bin faster than the SSRAM. 
In addition the external glue logic would have to be faster than 
what is currently offered in the 74F series logic. 


SUMMARY 

There are many applications for high-speed Synchronous 
Static RAMs. The integration of latches, self timed writes, bus 
drive capability, and clock control greatly simplifies system 
level implementation and ease of use. These features will allow 
SSRAMs to continue to support higher frequency system op- 
eration. Depending on the application. Synchronous Static 
RAMs can provide up to a 10 to 15 ns improvement in system 
access time over SRAMs that spec the same chip speeds. 
They save precious board space by reducing the chip count, 
and simplify controller design for latch control and write cycles. 
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MOTOROLA’S 
RADICAL SRAM 
DESIGN SPEEDS 
SYSTEMS 40% 

Key to higher throughput is a 
synchronous clocked architecture and 
on-chip I/O latches; the combination 
cuts interconnection delay by up to 20 ns 


by Bernard C. Cole 


E ngineers at Motorola Inc.’s MOS Memo- 
ry Products Division are taking a radi- 
cally different approach from the cur- 
rent asynchronous architecture for stat- 
ic random-access memories. They are developing 
a synchronous architecture the company claims 
will improve system throughput by as much as 
40% and will reduce system component count by 
as much as 50%. 

The keys to the Austin, Texas, division’s new 
architecture are: replacing the traditional self- 
clocked address-transition-detection circuitry, 
found in conventional asynchronous SRAMs, with a 
synchronous clocked architecture, and adding criti- 
cal input and output latches on-chip. The combina- 
tion of these features eliminates as much as 8 to 
10 ns of interconnection delay on input and on 
output, says William Martino, the division’s design 
manager for specialized memories. It also elimi- 
nates circuitry often required to make asynchro- 
nous devices appear synchronous in high-perfor- 
mance cache-memory systems, which depend 
heavily on the synchronization of critical timing 
parameters. Also incorporated on the 
chip are drive transistors capable of 
driving buses with capacitive loads 
of up to 130 pF without additional 
external circuitry. Motorola design- 
ers also enlarged the geometries to 
increase the inherent dnve capability 
of the devices. 

The new architecture has been in- 
corporated into four initial products 
that are members of a new family of 
16-Kbit-by4-bit SRAMs with cycle 
times ranging from 25 to 35 ns and 
access times in the 10 to 35 ns range. 
This equals that of comparably sized 
asynchronous SRAMs fabricated with 
the same 1 . 5-ftm double-metal CMOS 
process [Electronics, Aug. 7, 1986, 
p.81], says Frank Miller, synchro- 
nous SRAM project leader at the divi- 
sion. But Miller emphasizes that the 
elimination of as much as 20 ns of 
interconnection delay can almost 
double system-level performance. 

Motorola expects to offer sam- 
ples of the four clocked synchro- 
nous SRAM parts within about a 
month and plans to be in volume 
production by the end of the fourth 
quarter. Two of the devices, the 
MCM6292 and 6295, incorporate 
level-sensitive transparent latches, 



1. ASYNCHRONOUS. Using asynchronous SRAMs, designers of high-performance synchro- 
nous systems must incorporate latches on the inputs and outputs, adding 15 to 20 ns of delay. 


Reprinted from Electronics, July 23, 1987, issue. Copyright ©1987, McGraw-Hill, Inc. All rights reserved. 


MOTOROLA MEMORY DATA 


10-46 










RADICAL SRAM DESIGN . . . (AR^) 


whereas the MCM6293 and 6294 use positive- 
edge-triggered latches. Also the 6294 and 6295 
each have an output enable pin that allows 
the user asynchronous control of the output 
buffers, allowing the parts to be used in com- 
mon I/O at the board level. All the devices fea- 
ture an active ac power dissipation of 600 mW 
and an active dc power of only 100 mW. 

The advantages of Motorola’s new family of 
synchronous SRAMs outweigh the advantages of 
asynchronous devices, Martino says. In asyn- 
chronous devices, great reliance is placed on ad- 
dress-transition detection, a self-clocking scheme 
that uses the address-signal transition, or edge, 
as a reference to synchronizing all operations on 
the chip to that signal. Martino says that asyn- 
chronous SRAMs are widely used because they 
allow and recognize address changes at any 
time. As a result, no external global clock is 
necessary to access data, making them easy to 
use. Also, compared with dynamic RAMs, asyn- 
chronous SRAMs take much less external circuit- 
ry, says Miller. Because they are free-running, 
the addresses can be changed whenever needed, 
and they are very easy to control. 

Although they are easy to use, asynchronous 
SRAMs must be surrounded by considerable ex- 
ternal logic (see fig. 1) in many applications in 
high-performance processor systems such as 
writable control stores, data caches, and cache- 
tag memories [Electronics, June 11, 1987, p. 78] 
that require synchronous operation. The extra 
circuitry imposes a considerable performance 
penalty, and that can be a problem in cache 
applications in particular, says Martino, where 
the speed of memory typically must be at least 
an order of magnitude faster than main memory. 
Also, for a cache to work properly, critical tim- 
ing relationships must be preserved 
so that a variety of simultaneous 
operations can be coordinated, such 
as searching the tag store, getting 
data out of cache, and replacing 
proper entries in the cache. The 
added delay of the external logic 
can make it difficult to preserve 
these relationships. 

When system speeds were in the 
200-ns range. Miller says, the addi- 
tional 10-to-2()-ns penalty of this ex- 
ternal logic could be tolerated. “But 
with processor speeds improving so 
dramatically, now pushing below 
100 ns toward 50 ns, this is a penal- 
ty that is critical, especially since 
the speed of the external logic has 
not kept pace with the improve- 
ments in speed at the chip level.” 

Depending on the type of regis- 
ter involved and the process used, 
the delay time, even with high-per- 
formance logic families, can be re- 
duced to ho more than 7 to 10 ns. 


says Martino. As a result, most speed improve- 
ments have come by pushing the speed of the 
memory chips themselves. But, as processors 
speed up, memories with sufficiently low access 
times are getting harder and harder to produce 
inexpensively, Martino says. Current 25-to-35-ns 
asynchronous SRAMs are barely adequate, he 
says. And newer processors will require a sys- 
tem throughput of no more than 35 to 40 ns. For 
such throughputs, SRAMs must be pushed to be- 
low 10 ns, only achievable now with bipolar and 
biCMOS circuits, but at much higher power. 
“However, even if parts are pushed down to 1 ns 
and under, there is still that 10 ns on the input 
and another 10 ns on the output to deal with,” 
says Martino. 

The most important element in Motorola’s new 
SRAM architecture (see fig. 2) is the incorporation 
of the external input and output latches neces- 
sary for synchronous operation on board. This 
design considerably simplifies system design and 
reduces interconnection delay. “By pulling all of 
that glue logic on board, it is no longer necessary 
to drive a large bus to TTL levels,” says Martino. 
“It is now done on-chip, reducing the 10-ns delay 
down to picosecond levels. This allows the use 
of a 25-ns part for a 25-to-30-ns bus, rather than 
using more expensive, power-hungry 10- and 15- 
ns parts for the same chore.” 

The Motorola architecture uses address-input 
latches to hold the addresses so that the proc- 
essor does not have to hold the addresses valid 
for the entire cycle. A similar function is served 
by the data latches on the input. The latches 
on the output, however, serve a dual function. 
First, they provide a longer setup and hold 
time over which the data is valid on the bus, 
necessary in most processing systems. With a 



2. SYNCHRONOUS. By incorporating latches and drivers on-chip, Motorola’s synchronous 
SRAM reduces chip count by more than 50% and reduces interconnection delay. 
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standard SRAM at minimum cycle time, that time 
is about 5 ns without any external latching. This 
is not enough time for most systems, which re- 
quire the data to be on the bus for at least 15 to 
20 ns, for the processor to receive the valid data. 
The other function of the latches is to provide 
the extra drive needed to drive the buses with 
capacitive loads of up to 130 pF. 


The designers of the new SRAMs have 
eliminated the address-detection-transition 
ctcuitry; now they use on-chip clock input 
for a synchronous clocking scheme 


Also incorporated on-chip to support the syn- 
chronous operation of the latches is a clock input 
that controls when the latches are transparent 
and when they are brought into play. Usually 
this clock input is a derivative of the system 
clock; that is, the latches are controlled by the 
edge of the system clock. 

The Motorola designers have eliminated the 
address-detection-transition circuitry in the new 
SRAMs. Instead, they use the on-chip clock input 
to incorporate a synchronous clocking scheme in 
which the necessary address, data, chip-select, 
and write-enable information previously brought 
on board the chip by the address-detection-transi- 
tion circuitry is now accessed at the beginning of 
the cycle in reference to the external clock, 
rather than to the address edge as in the asyn- 
chronous scheme. The technique, says Martino, 
is similar to how a DRAM brings in its addresses 


with setup and hold times in relation to a read- 
access or column-access signal input. “Since this 
device employs a clock with a high-going edge at 
the beginning of each cycle, it is no longer neces- 
sary to detect address- transitions,” he 
says. “The system will tell the chip when to 
supply the necessary information by providing 
the clock at the appropriate time.” 

To eliminate the external drive circuitry, the 
inherent drive capability of the devices was in- 
creased fourfold, says Miller. So Motorola de- 
signers enlarged the geometries used to fabri- 
cate the pull-up and pull-down transistors, typi- 
cally on the order of ;L,500 jam wide, compared 
with 400- to 600-jam widths on the standard 30-pF 
devices, and as small as 6 jam in the memory 
array and 80 jam in the peripheral circuitry. 
Moreover, to achieve higher speed in spite of the 
higher drive currents, n-channel devices, which 
are only output devices, were used rather than 
the slower p-channel devices. Furthermore, these 
output devices were speeded up by incorporating 
a separate ground-supply pin for the output driv- 
ers. “This allowed us to burn more current in 
the output drivers without corrupting the opera- 
tion of the rest of the circuit,” Miller says. 

Although this required a substantial increase 
in the area devoted to the drive circuitry, the 
chip size, 146 by 404 mils, is not substantially 
larger than comparable 64-Kbit asynchronous 
SRAMs. The extra area required for the larger 
drivers and for the internal clocking circuitry is 
offset by the area eliminated by removal of the 
address-transition-detection circuitry required on 
asynchronous parts, Martino says. □ 


INGENIOUS SRAM DESIGN WAS DONE IN REMARKABLY SHORT TIME 


For a memory device of such complexity 
and ingenious design, Motorola’s new 
clocked synchronous static random-ac- 
cess-memory design was completed in a 
remarkably short time — only 12 months. 
Moreover, most of the work was done 
by a four-person design team: William 
Martino, design manager for specialized 
memories; Frank Miller, synchronous 
SRAM project leader; chip designer 
Scott Remington; and layout engineer 
Richard Southerland. 

One reason for the fast turnaround 
was that the array and much of the 
peripheral circuitry is identical to what 
was used in the company’s family of 
asynchronous 64-Kbit SRAMs, says 
Miller. “All we had to do was strip off 
those portions of the circuit relating to 
the asynchronous operation and replace 
them with new synchronous elements.’’ 

The team drew from two sources for 
the features incorporated into the syn- 
chronous design — including their cumula- 


tive design experience. Miller has seven 
years’ experience in memory design. 
Remington, an eight-year Motorola veter- 
an, worked on the company’s 64-Kbit and 
1- Mbit DRAMS. Southerland, a five-year 
Texas Instruments veteran, worked on 



EXPERTS. Miller, Southerland, and Remington, 
from left, are old hands at memory design. 


most of Motorola’s asynchronous SRAMs 
in his two years with the company. 

The other source was extensive input 
from Motorola’s customers. “We spent 
several months defining a variety of 
special-application memory devices, 
from dual-port SRAMs and video 
DR AMs to content-addressable memo- 
ries,” says Miller. “But when we started 
taking these designs around to custom- 
ers for input, we found they were most 
concerned with ways to make standard 
parts work- better. For designers of 
high-performance systems using cache 
architectures, one of the largest com- 
mon denominators was complaints that 
they had to surround the asynchronous 
parts with a variety of glue logic to 
operate appropriately in a synchronous 
environment. 

“The key is listening to the custom- 
ers, finding out what their specific com- 
plaints are, and coming up with parts 
that satisfy those needs.” 
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8-PIN PACKAGE 


J S i -n 


8 5 ' 

’ B 

1 

V V V HJ 

A ► 

\ 


NOTE 4 


PLASTIC 
CASE 626-04 



DIM 

MILLIN 

ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

9.40 

10.16 

0.370 

0.400 

B 

6.10 

6.60 

0.240 

0.260 

C 

3.94 

4.45 

0.155 

0.175 

D 

0.38 

0.51 

0.015 

0.020 

F 

1.02 

1.52 

0.040 

0.060 

G 

2.54 BSC 

0.100 

BSC 

H 

0.76 

1.27 

0.030 

0.050 

J 

0.20 

0.30 

0.008 

0.012 

K 

2.92 

3.43 

0.115 

^0.135 

L 

7.62 BSC 

0.300 BSC 

M 

— 

10° 

_ 

10° 

N 

0.51 

0.76 

0.020 

0.030 


NOTES: 

1. LEAD POSITIONAL TOLERANCE: 
|^|<^0.13(0.005)(8)|t| A(8)|B(g)| 

2. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL 

3. PACKAGE CONTOUR OPTIONAL (ROUND OR 
SQUARE CORNERS). 

4. DIMENSIONS A AND B ARE DATUMS. 

5. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
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16-PIN PACKAGES 



PLASTIC (MOS ONLY) 
CASE 648D-01 



M 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

18.80 

19.30 

0.740 

0.760 

B 

6.23 

6.60 

0.245 

0.260 

C 

3.69 

4.19 

0.145 

0.165 

D 

0.39 

0.53 

0.015 

0.021 

F 

1.27 

1.77 

0.050 

0.070 

G 

2.54 BSC 

0.100 BSC 

H 

1.27 BSC 

0.050 BSC 

J 

0.21 

0.38 

0.008 

0.015 

K 

3.05 

3.55 

0.120 

0.140 

L 

7.50 

7.74 

0.295 

0.305 

M 

0° 

10° 

0° 

10° 

S 

0.39 

0.88 

0.015 

0.035 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION "L" TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

4. DIMENSIONS "A" AND "B" DO NOT INCLUDE 
MOLD PROTRUSION. 

5. MOLD FLASH OR PROTRUSIONS SHALL NOT 
EXCEED 0.25 (0.010). 

6. ROUNDED CORNERS OPTIONAL. 



PLASTIC (MECL ONLY) 
CASE 648-08 



M 



MILLIMETERS 

INCHES 

DIM 

MIN 

MA^ 

MIN 

MAX 

A 

18.80 

19.55 

0.740 

0.770 

B 

6.35 

6.85 

0.250 

0.270 

C 

3.69 

4.44 

0.145 

0.175 

D 

0.39 

0.53 

0.015 

0.021 

F 

1.02 

1J7 

0.040 

0.070 

G 

2.54 BSC 

0.100 BSC 

H 

1.27 BSC 

0.050 BSC 

J 

C.-21 

0.38 

0.008 

0.015 

K 

2.80 

3.30 

0.110 

0.130 

L 

7.50 

7.74 

0.295 

0.305 

M 

0° 

10° 

0° 

10° 

S 

0.51 

1.01 

0.020 

0.040 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION "L" TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

4. DIMENSION "B" DOES NOT INCLUDE MOLD 
FLASH. 

5. ROUNDED CORNERS OPTIONAL. 
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16-PIN PACKAGES (Continued) 


S- 


” 

9 

1. 

8 


GE] 


CERAMIC 
CASE 620-09 



DIM 

MILUMETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

19.05 

19,55 

0.750 

0.770 

B 

6.10 

7.36 

0.240 

0.290 

C 

_ 

4.19 

_ 

0.165 

D 

0.39 

0.53 

0.015 

0.021 

E 

1.27 BSC 

0.05G 

BSC 

F 

1.40 i 1,77 

0.055 

1 0.070 

G 

2.54 BSC 

0.100 BSC 

J 

0.23 

0.27 

0.009 

0.011 

K 

— 

5.08 

— 

0.200 

L 

7.62 BSC 

0.300 BSC 

M 

0" 

15° 

Oo 

15° 

N 

0.39 

0.88 

0.Q15 

0.035 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M,1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION L TO CENTER OF LEAD WHEN 
FORMED PARALLEL 

4. DIM F MAY NARROW TO 0.76 (0.030) WHERE THE 
LEAD ENTERS THE CERAMIC BODY. 
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CERAMIC 
CASE 660-06 


l-fl 0.13 (0.005)® |t|a0 |b® I 


GEl p— ' 


rTn 




TTfn SEATING 

I — PLANE 


DIM 

MILUN 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

9.40 

9.90 

0.370 

0.390 

B 

6.23 

6.60 

0.245 

0.260 

C 

1.53 

2.15 

0.060 

0.085 

D 

0.36 

0.48 

0.014 

0.019 

G 

1.27 BSC 

0.050 

IBSC 

H 

0.64 

1.01 

0.025 

0.040 

J 

0.11 

0.17 

0.004 

0.007 

K 

6.35 

9.39 

0.250 

0.370 

L 

18.93 

— 

0.745 

_ 

N 

— 

0.50 

- 

0.020 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION "A" AND "B" ALLOW FOR LID 
MISALIGNMENT, AND GLASS MINISCUS. 

4. DIMENSION "H" SHALL BE MEASURED AT THE 
POINT OF EXIT OF THE LEAD FROM THE BODY. 

5. LEAD NUMBER 1 1DENTIFIED BY TAB ON LEAD OR 
DOT ON COVER. 

6. DIMENSION "J" INCLUDES SOLDER LEAD FINISH. 

7. LEAD NUMBERS SHOWN FOR REFERENCE ONLY. 
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18-PiN PACKAGES 


18 10 


18 10 

) 

0 

1 9 

“1 
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PLASTIC 
CASE 707-02 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

19 

^SSSm 




Oi 

■am 




c 

3.56 

4.57 

■iiini 

lilTiTil 

D 

mnnm 

0.56 

Maim 


19 

■ftti 


iiiiiwii 

fclllMl* 

19 


MiHlili 


■9 

■liM 


Bilifefii 


■9 

MiWJiW 

■iWil 



K 

2.92 

3.43 

■tllH 

■iWIcM 

■9 




■9 

0° 


■([91 

■1^9 


■iW 

■iTiva 




NOTES: 

1. POSITIONAL TOLERANCE OF LEADS (D), 
SHALL BE WITHIN 0.25mm(0.010) AT 
MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND 
EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS 
WHEN FORMED PARALLEL 

3. DIMENSION B DOES NOT INCLUDE 
MOLD FLASH. 


\±} ► 


Pir^r^r^r^r^r^r^rH 


18 10 


) 


O' 9 

i 


PLASTIC 
CASE 707A-01 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

21.85 

22.35 

0.860 

0.880 

B 

7.12 

7.49 

0.280 

0.295 

C 

3.56 

4.57 

0.140 

0.180 

D 

0.36 

0.55 

0.014 

0.022 

F 

1.27 

1.77 

0.050 

0.070 

G 

2.54 BSC 

0.100 

BSC 

J 

0.21 

0.30 

0.008 

0.012 

K 

2.93 

3.42 

0.115 ' 

0.135 

L 

7.62 BSC 

0.300 

IBSC 

M 

0° 

15° 

0° 

15° 

N 

0.51 

1.01 

0.020 1 

0.040 


mW 

J l-fl 0.25 (0.010) 0 |t| 


I ® 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION "L" TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 

4. DIMENSION "B" DOES NOT INCLUDE MOLD 
FLASH. 


MOTOROLA MEMORY DATA 
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IS^PIN PACKAGES (Continued) 


AflAflAaaaA, 

18 ^ 10^ 


18 10 1 

. 1 ■ 9 1 

|“T 

B 

1 

OTWWW^ 

— J G L— 

—A 



CERAMIC 
CASE 726-04 



OPTIONAL LEAD 
CONFIG. (1^,10,18) 



DIM 

miuu 

ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

22.35 

23.11 

0.880 

0.910 

B 

6.10 

7.49 

0.240 

0.295 

C 


5.08 

_ 

0.200 

D 

0.38 

0.53 

0.015 

0.021 

F 

1.40 

1.78 

0.055 

0.070 

Q 

2.54 BSC 

0.100 

BSC 

H 

0.51 

1.14 

0.020 

0.045 

J 

0.20 

0.30 

0.008 

0.012 

K 

3.18 

4.32 

0.125 

0.170 

L 

7.62 

BSC 

0.300 

iBSC 

M 

0° 

15° 

0° 

15° 

N 

0.51 

1.02 

0.020 

0.040 


NOTES: 

1. LEADS, TRUE POSITIONED WITHIN 0.25 mm 
(0.010) DIA. AT SEATING PLANE, AT MAXIMUM 
MATERIAL CONDITION. 

2. DIM "L" TO CENTER OF LEADS WHEN FORMED 
PARALLEL. 

3. DIM "A" & "B" INCLUDES MENISCUS. 

4. "F" DIMENSION IS FOR FULL LEADS. "HALF” 
LEADS ARE OPTIONAL AT LEAD POSITIONS 1, 9, 
10, AND 18. 


MOTOROLA MEMORY DATA 
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20-PIN PACKAGES 


GiJ 

SEATING 

PLANE 



|-f I 0.25 (0.010)0 |t|a(m) 


PLASTIC 
CASE 738-03 



DIM 

MILLIMETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

25.66 

27.17 

1.010 

1.070 

B 

6.10 

6.60 

0.240 

0.260 

C 

3.81 

4.57 

0.150 

0.180 

D 

0.39 

0.55 

0.015 

0.022 

E 

1.27 BSC 

0.050 

BSC 

F 

1.27 1 1.77 

0.050 

1 0.070 

G 

2.54 BSC 

0.100 

iBSC 

J 

0.21 

0.38 

0.008 

0.015 

K 

2.80 

3.55 

0.110 

0.140 

L 

7.62 BSC 

0.300 

iBSC 

M 

0° 


0“ 

15° 

N 

0.51 

1.01 

0.020 

0.040 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION "L" TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 

4. DIMENSION "B" DOES NOT INCLUDE MOLD 
FLASH. 


^ ► 




20 11 


) 

o’ 10 

[i; 



PLASTIC 
CASE 738A-01 



mI-^J 20 PL 

|i|o.25(O.O1O)0|T|B@ 


DIM 

MILLIN 

ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

24.39 

24.89 

0.960 

0.980 

B 

7.12 

7.49 

0.280 

0.295 

C 

3.69 

4-44 

0.145 

0.175 

D 

0.39 

0.55 

0.015 

0.022 

E 

1.27 

BSC 

0.050 

BSC 

F 

1.27 1 

_UT^ 

0.050 

0.070 

G 

2.54 BSC 

0.100 

IBSC 

J 

0.21 

0.38 

0.008 

0.015 

K 

2.80 

3.55 

0.110 

0.140 

L 

7.62 BSC 

0.300 

IBSC 

M 

0° 

15° 

0° 

15° 

N 

0.51 

1.01 

0.020 1 

0.040 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION "L" TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 

4. DIMENSION "B" DOES NOT INCLUDE MOLD 
FLASH. 


MOTOROLA MEMORY DATA 
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20-PIN PACKAGES (Continued) 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

25.53 

25.90 

1.005 

1.020 

B 

8.59 

8.89 

0.338 

0.350 

C 

2.75 

2.94 

0.108 

0.116 

D 

0.45 

0.55 

0.018 

0.022 

G 

1.27 BSC 

0.050 

BSC 

H 

2.44 

2.64 

0.097 

0.103 

J 

0.23 

0.33 

0.009 

0.013 

K 

3.18 

3.55 

0.125 

0.140 

L 

0.64 BSC 

0.025 

BSC 

M 

0" 

4° 

0° 

4° 

R 

0.89 

1.39 

0.035 

0.055 

S 

9.66 

10.16 

0.380 

0.400 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION "H" TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 

4. DIMENSIONS "A", "B", AND "S" DO NOT 
INCLUDE MOLD PROTRUSION. 

5. MOLD FLASH OR PROTRUSION SHALL NOT 
EXCEED 0.25 (0.010). 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

23.88 

25.15 

0.940 

0.990 

B 

6.60 

7.49 

0.260 

0.295 

C 

3.81 

5.08 

0.150 

0.200 

D 

0.38 

0.56 

0.015 

0.022 

F 

1.40 

1.65 

0.055 

0.065 

G 

2.54 

BSC 

0.100 

BSC 

H 

0.51 

1.27 

0.020 

0.050 

J 

0.20 

0.30 

0.008 

0.012 

K 

3.18 

4.06 

0.125 

0.160 

L 

7.62 

BSC 

0.300 

iBSC 

M 

0° 

15° 

0° 

15° 

N 

0.25 

1.02 

0.010 

0.040 


NOTES: 

1. LEADS WITHIN 0.25 mm (0.010) DIA., TRUE 
POSITION AT SEATING PLANE, AT MAXIMUM 
MATERIAL CONDITION. 

2. DIM L TO CENTER OF LEADS WHEN FORMED 
PARALLEL. 

3. DIM A AND B INCLUDES MENISCUS. 


CERAMIC 
CASE 756C-01 



DIM 

MILLIMETERS 

INC 

RES 

MIN 

MAX 

MIN 

MAX 

A 

10.67 

10.92 

0.420 

0.430 

6 

10.09 

10.41 

0.400 

0.410 

C 

1.68 

1.98 

0.066 

0.078 

D 

0.56 ’ 

0.71 

0.022 

0.028 

F 

2.11. 

2.46 

0.083 

0.097 

G 

1.27 BSC 

0.050 

iBSC 

H 

1.07 

1.21 

0.042 

0.048 

L 

7.24 

7.49 

0.285 

0.295 

N 

1.40 

1.65 

0.055 

0.065 


6.61 

6.85 

0.260 

0.270 

U 

0.28 

0.53 

0.011 

0.021 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 


MOTOROLA MEMORY DATA 
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-20-PIN PACKAGES (Continued) - 


PLASTIC CHIP CARRIER 
CASE 775-02 


p-END 


U L. 

20 V_1 

rPH—- 1 U- 


D_[® 



-B l-fl 0.18 (0.007) ® I t| N(D-P(D| L(g)-M(D| 

r— u |4-| 0-18 (0.007) @ |t| n(D-p®| l(D-m©| 


^ — 4xU- Hlh| 0,25 ( 0 . 010 ) (g) |t| N(D-P®| L(D-IVI© 

- A Ii| 0.18 (0.007) @ ItI L©-IVI@| N(D-P®| VIEW D-D 


T-TT-r 


- R 4- 0.18 (0.007) ® |T| LCD-M®! N(^P(^ 


-J LliU 

- DETAIL S 


0.10 (0.004) I 
-T- I SEATING PUNE 




0.18 (0.007) ® 

T 

L©-M© 

N©-P© 

•4 

0.18 (0.007) ® 

T 

N©-P© 

L©-M© 



0.18 (0.007) ® 

T 

L©-M© 

N©-P© 

ffl 

0.18 (0.007) ® 

T 

N©-P© 

L©-M© 


0.25 (0.010) © T L ©-IVI © N ®-P © 



MILLIMETERS 

INCHES 

DIM 

MIN MAX 

MIN MAX 

A 

9.78 10.03 

0.385 0.395 

B 

9.78 10.03 

0.385 0.395 

C 

4.20 4.57 

0.165 0.180 

E 

2.29 2.79 

0.090 0.110 

F 

0.33 0.48 

0.013 0.019 

G 

1.27 BSC 

0.050 BSC 

H 

0.66 0.81 

0.026 0.032 

J 

0.51 - 

0.020 - 

K 

0.64 - 

0.025 - 


ond 





NOTES: 

1. DATUIVIS -U -M-, -N-, AND -P- DETERD/IINED 
WHERE TOP OF LEAD SHOULDER EXIT RUSTIC 
BODY AT MOLD PARTING LINE. 

2. DIM GL TRUE POSTION TO BE MEASURED AT 
DATUM -T-, SEATING PUNE. 

3. DIM R AND U DO NOT INCLUDE MOLD 
PROTRUSION. ALLOWABLE MOLD PROTRUSION 
IS 0.25 (0.010) PER SIDE. 

4. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

5. CONTROLLING DIMENSION: INCH. 
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22-PIN PACKAGES 



ijij uuuuuuuuy 


PLASTIC 
CASE 736A-01 



DIM 

MILLIMETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

25.65 

27.17 

1.010 

1.070 

B 

6.10 

6.60 

0.240 

0.260 

C 

3.74 

4.57 

0.155 

0.180 

0 

0.38 

0.55 

0.015 

0.022 

F 

• 1.27 

1.77 

0.050 

0.070 

G 

2.54 BSC 

0.10C 

IBSC 

J 

0.20 

0.38 

0.008 

0.015 

K 

2.79 

3.55 

0.110 

0.140 

L 

7.62 BSC 

0.300 

IBSC 

M 

0° 

15“ 

0“ 

15“ 

N 

0.51 

1.01 

0.020 

0.040 


NOTES: 

1. DIMENSION A IS A DATUM. T IS BOTH A DATUM 
AND A SEATING PLANE. 

2. POSITIONAL TOLERANCE FOR D DIMENSION; 

22 PL 

I 41 0-25 (0.010) ® I -T- 1 A~®1 

3. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

4. DIMENSIONING AND TOLERANCING PER 
Y14.5 M, 1982. 

5. CONTROLLING DIMENSION: INCH. 


nn ^ 




KS 

KS KS 

22 

12 

"f 

) 


GE 

o 


1 

1 

11 



CERAMIC 
CASE 736-05 



DIM 

MILLIMETERS 

INC 

RES 

MIN 

MAX 

MIN 

MAX 

A 

26.93 

27.81 

1.060 

1.095 

B 

9.15 

9.90 

0.360 

0.390 

C 

3.81 

5.46 

0.150 

0.215 

D 

0.39 

0.53 

0.015 

0.021 

F 

1.27 

1.65 

0.050 

0.065 

G 

2.54 

BSC 

0.100 

IBSC 

J 

0.20 

0.39 

0.008 

0.015 

K 

3.18 

4.31 

0.125 

0.170 

L 

10.16 

IBSC 

0.400 

IBSC 

M 

0“ 

15“ 

0“ 

15“ 

N 

0.51 

1.27 

0.020 

0.050 


SEATING 

PUNE 


lllll 

Hh« D 22PL 


+1 0.25 (0.010) ® 

|t| A© 

H OPTIONAL LEAD 


H CONHGURATION 



NOTES: 
1 


DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION L TO CENTER OF LEAD WHEN 
FORMED PARALLEL 

4. DIMENSION F FOR FULL LEADS. HALF LEADS 
OPTIONAL AT LEAD POSITIONS 1, 11, 12, AND 22. 

5. DIM F MAY NARROW TO 0.76 (0.030) WHERE THE 
LEAD ENTERS THE CERAMIC BODY. 


MOTOROLA MEMORY DATA 
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22-PIN PACKAGES (Continued) 



CERAMIC 
CASE 677-06 




DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

27.15 

27.71 

1.069 

1.091 

B 

9.65 

10.29 

0.380 

0.405 

C 

2.67 

4.11 

0.105 

0.162 

D 

0.38 

0.58 

0.015 

0.023 

F 

0.76 

1.40 

0.030 

0.055 

G 

2.54 BSC 

0.100 BSC 

H 

0.51 

1.52 

0.020 

0.060 

J 

0.20 

0.30 

0.008 

0.012 

K 

3.18 

5.08 

0.125 

0.200 

L 

9.91 

10.41 

0.390 

0.410 

M 

- 

100 

- 

100 

N 

0.64 

1.27 

0.025 

0.050 


NOTES: 

1. LEADS WITHIN 

0.13 mm (0.005) 
RADIUS OF TRUE 
POSITION AT 
MAXIMUM 
MATERIAL 
CONDITION. 

2. DIMENSION "L" TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL. 

3. EXPOSED CONTACT 
TO LEAD 1, 
OPTIONAL 


CERAMIC CHIP CARRIER 
CASE 800-02 


B- 

-R- 






D1 & D2 


DETAIL V 


DIM 

1 MILLIMETERS I 

1 INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

12.27 

12.62 

0.483 

0.497 

B 

6.68 

7.03 

0.263 

0.277 

C 

1.63 

1.98 

0.064 

0.078 

D 

0.51 

0.76 

0.020 

0.030 

F 

1.98 

2.33 

0.078 

0.092 

G 

1.27 

BSC 

0.050 

iBSC 

H 

0.97 

1.32 

0.038 

0.052 

N 

1.27 

1.62 

0.050 

0.064 

R 

7.19 

7.54 

0.283 

0.297 

U 

11.76 

12.11 

0.463 

0.477 


NOTES: 

1. DIMENSIONS A AND R ARE DATUMS AND T IS A 
GAUGE PLANE. 

2. POSITIONAL TOLERANCE FOR TERMINALS D 2 , 14 
PLACES: 

HI 0.25 (0.0101 @|tIr(D|u(s)| 
TERMINALS Di, 8 PLACES: 

HE 0.25 (0.010) 0|t|u©| rCDI 

3. DIMENSIONING AND TOLERANCING PER Y14.5M, 
1982. 

4. CONTROLLING DIM: INCH. 


MOTOROLA MEMORY DATA 
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24-PIN PACKAGES 



DIM 

MILLIA^ 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

31.25 

32.13 

1.230 

1.265 

B 

6.35 

6.85 

0.250 

0.270 

C 

3.69 

4.44 

0.145 

0.175 

D 

0.38 

0.51 

0.015 

0.020 

E 

1.27 BSC 

0.050 BSC 

F 

1.02 1 1.52 

0.040 1 0.060 

G 

2.54 BSC 

0.100 BSC 

J 

0.18 

0.30 

0.007 

0.012 

K 

2.80 

3.55 

0.110 

0.140 

L 

7.62 BSC 

0.300 BSC 

M 

0° 

15° 

0° 

15° 

N 

0.51 

1.01 

0.020 

0.040 


NOTES: 

1. CHAMFERRED CONTOUR OPTIONAL 

2. DIM "L" TO CENTER OF LEADS WHEN FORMED 
PARALLEL. 

3. DIMENSIONS AND TOLERANCES PER ANSI 
Y14.5M, 1982. 

4. CONTROLLING DIMENSION: INCH. 



DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

31.24 

32.77 

1.230 

1.290 

B 

12.70 

15.49 

0.500 

0.610 

C 

4.06 

5.59 

0.160 

0.220 

D 

0.41 

0.51 

0.016 

0.020 

F 

1.27 

1.52 

0.050 

0.060 

G 

2.54 BSC 

0.10( 

)BSC 

J 

0.20 

0.30 

0.008 

0.012 

K 

3.18 

4.06 

0.125 

0.160 

L 

15.24 BSC 

0.60( 

)BSC 

M 

0° 

15° 

0° 

150 

N 

0.51 

1.27 

0.020 

0.050 


NOTES; 

1. DIM "L''T0 CENTER OF 
LEADS WHEN FORMED 
PARALLEL. 

2. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL 
CONDITION. (WHEN FORMED 
PARALLEL). 


MOTOROLA MEMORY DATA 
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24-PIN PACKAGES (Continued) 


PLASTIC SOJ 
CASE 810A-01 


h^F 



DIM 

MILUN 

ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

15.75 

16.00 

0.620 

0.630 

B 

7.50 

7.74 

0.295 

0.305 

C 

3.26 

3.75 

0.128 

0.148 

D 

0.39 

0.50 

0.015 

0.020 

E 

2.24 

2.48 

0.088 

0.098 

F 

0.67 

0.81 

0.026 

0.032 

G 

1.27 BSC 

0.050 

BSC 

H 

— 

0.50 

— 

0.020 

K 

0.89 

1.14 

0.035 

0.045 

L 

0.64 BSC 

0.025 

BSC 

M 

0° 

5° 

0“ 

5° 

N 

0.89 

1.14 

0.035 

0.045 

P 

8.51 

8.76 

0.335 

0.345 

R 

6.61 

7.11 

0.260 

0.280 

S 

0.77 

1.01 

0.030 

0.040 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. DIMENSION "A" AND "B" DO NOT INCLUDE 
MOLD PROTRUSION. MOLD PROTRUSION SHALL 
NOT EXCEED 0.15 (0.006) PER SIDE. 

3. CONTROLLING DIMENSION: INCH. 

4. DIM "R" TO BE DETERMINED AT DATUM -T-. 


MOTOROLA MEMORY DATA 
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20/26-PrN PACKAGE 


PLASTIC SOJ 
CASE 822-03 





DETAIL Z 


]-J U-D 20 PL 

0.18 (0.007) (M) |t| A0| 


|-f| 0-18 (0.007) ® |t 


I 


b(D 


± 


1 


U-R— J ^ 


T~T 

S RAD 


|4| 0-25 (0.010) ® |t| B©] 


DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

17.02 

17.27 

0.670 

0.680 

B 

7.50 

7.74 

0.295 

0.305 

C 

3.26 

3.75 

0.128 

0.148 

D 

0.39 

0.50 

0.015 

0.020 

E 

2.24 

2.48 

0.088 

0.098 

F 

0.67 

0.81 

0.026 

0.032 

G 

1.27 BSC 

0.050 

BSC 

n 

— 

0.50 

— 

0.020 

K 

0.89 

1.14 

0.035 

0.045 

L 

2.54 BSC 

0.100 

IBSC 

M 

0° 

10° 

0° 

10° 

N 

0.89 

1.14 

0.035 

0.045 

P 

8.39 

8.63 

0.330 

0.340 

R 

6.61 

6.98 

0.260 

0.275 

S 

0.77 

1.01 

0.030 

0.040 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION A & B DO NOT INCLUDE MOLD 
PROTRUSION. MOLD PROTRUSION SHALL NOT 
EXCEED 0.15(0.006) PER SIDE. 

4. DIM R TO BE DETERMINED AT DATUM -T-. 

5. FOR LEAD IDENTIFICATION PURPOSES, PIN 
POSITIONS 6, 7, 8, 19, 20, & 21 ARE NOT USED. 
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28-PIN PACKAGES 



DIM 

MILUM 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

36.45 

37.21 

1.435 

1.465 

B 

13.72 

14.22 

0.540 

0.560 

C 

3.94 

5.08 

0.155 

0.200 

D 

0.36 

0.56 

0.014 

0.022 

F 

1.02 

1.52 

0.040 

0.060 

G 

2.54 BSC 

0.100 

iBSC 

H 

1.65 

2.16 

0.065 

0.085 

J 

0.20 

0.38 

0.008 

0.015 

K 

2.92 

3.43 

0.115 

0.135 

L 

15.24 

BSC 

0.600 

iBSC 

M 

0" 

15° 

0° 

15° 

N 

0.51 

1.02 

0.020 

0.040 


1. POSITIONAL TOLERANCE OF LEADS (D), SHALL BE 
WITHIN 0.25mm(0.010) AT MAXIMUM MATERIAL 
CONDITION, IN RELATION TO SEATING PLANE 
AND EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE MOLD FLASH. 


PLASTIC 
CASE 710A-01 


ra- 




28 

15 


) 


Gl 

1 

14 



IP *^P t^P KP “^P ^P ^ tP KP P 'P ^ 




MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

34.17 

34.29 

1.345 

1.350 

B 

6.86 

7.36 

0.270 

0.290 

C 

— 

4.31 

— 

0.170 

D 

0.41 

0.50 

0.016 

0.020 

E 

1.27 

BSC 

0.050 

BSC 

F 

1.15 

1.39 

0.045 

0.055 

G 

2.54 BSC 

0.100 

BSC 

J 

0.21 

0.30 

0.008 

0.012 

K 

3.18 

3.42 

0.125 

0.135 

L 

7.62 

BSC 

0.300 

BSC 

M 

0° 

15° 

0° 

15° 

N 

0.39 

— 

0.015 

— 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION L TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 

4. DIMENSION B DOES NOT INCLUDE MOLD FLASH. 


MOTOROLA MEMORY DATA 


11-15 





28-PIN PACKAGES (Continued) 



DIM 

MILLin^ 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

36.45 

37.84 

1.435 

1.490 

B 

12.70 

15.36 

0.500 

0.605 

C 

4.06 

5.84 

0.160 

0.230 

D 

0.38 

0.55 

0.015 

0.022 

F 

1.27 

1.65 

0.050 

0.065 

G 

2.54 BSC 

0.100 

iBSC 

J 

0.20 

0.30 

0.008 1 

0.012 

K 

3.18 

4.06 

0.125 

0.160 

L 

15.24 

BSC 

0.600 

IBSC 

M 

0“ 

15° 

0° 

15" 

N 

0.51 

1.27 

0.020 

0.050 


NOTES: 

1. DIM G3 IS DATUM. 

2. POSITIONAL TOL FOR LEADS: 

1 4-1 4 > 0-25 (0.010) ® I T I A (g) I 

3. GD IS SEATING PLANE. 

4. DIM A AND B INCLUDES MENISCUS. 

5. DIM -L- TO CENTER OF LEADS WHEN FORMED 
PARALLEL. 

6. DIMENSIONING & TOLERANCING PER Y14.5, 1982. 

7. CONTROLLING DIM: INCH. 


k-F 



DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

18.29 

18.54 

0.720 

0.730 

B 

10.04 

10.28 

0.395 

0.405 

C 

3.26 

3.75 

0.128 

0.148 

D 

0.39 

0.50 

0.015 

0.020 

E 

2.24 

2.48 

0.088 

0.098 

F 

0.67 

0.81 

0.026 

0.032 

G 

1.27 BSC 

0.050 

BSC 

H 

_ 

0.50 

_ 

0.020 

K 

0.89 

1.14 

0.035 

0.045 

L 

0.64 BSC 

0.025 

.BSC 

M 

0° 

5° 

0° 

5° 

N 

0.89 

1.14 

0.035 

0.045 

P 

11.05 

11.30 

0.435 

0.445 

R 

9.15 

9.65 

0.360 

0.380 

S 

0.77 

1.01 

0.030 

0.040 


I 1 0.25 (0.010) (s) I T I B ® I 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. dimension "A" AND "B" DO NOT INCLUDE 
MOLD PROTRUSION. MOLD PROTRUSION SHALL 
NOT EXCEED 0.15 (0.006) PER SIDE. 

3. CONTROLLING DIMENSION: INCH. 

4. DIM "R" TO BE DETERMINED AT DATUM -T-. 
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28-PIN PACKAGES (Continued)- 


300-MIL PLASTIC SOJ 
CASE 810B-01 


28 

15 

1 

O 

14 


DETAIL Z 




^ ~i f° 


HBRK 


-JU- D 24 PL 

|4-| 0.18 (0.007) ® |t| ^ 
1^0.18 (0.007) © Jt 


'^1 0.10 (0.004) I 

DETAIL Z m SEATING PLANE 


DIM 

MILLIMETERS 

INC 

RES 

MIN 

MAX 

MIN 

MAX 

A 

18.29 

18.54 

0.720 

0.730 

B 

7.50 

7.74 

0.295 

0.305 

C 

3.26 

3.75 

0.128 

0.148 

D 

0.39 

0.50 

0.015 

0.020 

E 

2.24 

2.48 

0.088 

0.098 

F 

0.67 

0.81 

0.026 

0.032 

G 

1.27 BSC 

0.050 

BSC 

H 

— 

0.50 

— 

0.020 

K 

0.89 

1.14 

0.035 

0.045 

L 

0.64 BSC 

0.025 

BSC 

M 

0° 

10° 

0° 

10° 

N 

0.89 

1.14 

0.035 

0.045 

P 

8.51 

8.76 

0.335 

0.345 

R 

6.61 

7.11 

0.260 

0.280 

s 

0.77 

1.01 

0.030 

0.040 



|4-| 0-25 (0.010) © |t| b©' 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. DIMENSION A & B DO NOT INCLUDE MOLD 
PROTRUSION. MOLD PROTRUSION SHALL NOT 
EXCEED 0.15(0.006) PER SIDE. 

3. CONTROLLING DIMENSION: INCH. 

4. DIM R TO BE DETERMINED AT DATUM -T-. 



|-f| 0.25 (0.010) ® |b © I 


GB-omdmmnnrw 



PLASTIC SOG 
CASE 751H-01 


DETAIL X 


1^1 0.10 (0.004) I T I 

SEATING 

PUNE 


- D 28 PL 
1^1 0.25 (0.010) @ 


DIM 

1 MILLIMETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

17.70 

18.50 

0.697 

0.728 

B 

8.23 

8.90 

0.324 

0.350 

C 

2.04 

2.54 

0.080 

0.100 

D 

0.35 

0.50 

0.014 

0.020 

G 

1.27 

BSC 

0.05C 

iBSC 

J 

0.14 

0.32 

0.0060 

0.0125 

K 

0.40 

1.27 

0.016 

0.050 

L 

0.05 

0.35 

0.002 

0.014 

M 

0° 

8° 

0° 

8° 

S 

11.50 

12.70 

0.453 

0.500 


T I B © I A ©1 


DETAIL X 



NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIM: MILLIMETER. 


3. DIMENSION A AND B DO NOT INCLUDE MOLD 
PROTRUSION. 

4. MAXIMUM MOLD PROTRUSION 0.15 (0.006) PER 
SIDE. 
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PIN PACKAGES 



PLASTIC 
CASE 711-03 


MILLIMETERS 

INCHES i 

MIN 

MAX 

MIN 

MAX 

31.69 

52.45 

2.035 

2.065 

3.72 

14.22 

0.540 

0.560 

3.94 

5.08 

0.155 

0.200 

0.36 

0.56 

0.014 

0.022 

1.02 

1.52 

0.040 

0.060 

2.54 

BSC 

0.100 

BSC 

1.65 

2.16 

0.065 

0.085 

0.20 

0.38 

0.008 

0.015 

2.92 

3.43 

0.115 

0.135 

15.24 

BSC 

0.600 

IBSC 

0° 

15° 

0° 

15° 

0.51 

1.02 

0.020 

0.040 


NOTES: 

1. POSITIONAL TOLERANCE OF LEADS (D), SHALL BE 
WITHIN 0.25 mm (0.010) AT MAXIMUM MATERIAL 
CONDITION, IN RELATION TO SEATING PLANE 
AND EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE MOLD FLASH. 



CERAMIC 
CASE 734-04 


MILUMETERS 
MIN 1 MAX 

INCHES 

MIN 1 MAX 

NOTES: 

5.31 

53.24 

2.020 

2.096 

1. DIM -A- IS A DATUM. 

2.70 

15.49 

0.500 

0.610 

2. POSITIONAL TOLERANCE FOR LEADS: 

4.06 

5.84 

0.160 

0.230 

I4l </> 0.25 (0.010)0 It 1 A® 1 

0.38 

0.56 

0.015 

0.022 

3 -T- IS SEATING PI ANF 

1.27 

1.65 

0.050 

0.065 

4. DIM L TO CENTER OF LEADS WHEN FORMED 

2.54 

BSC 

0.100 

iBSC 

PARALLEL. 

0.20 

0.30 

0.008 

0.012 

5. DIMENSIONS A AND B INCLUDE MENISCUS. 

3.18 

4.06 

0.125 

0.160 

6 DIMENSIONING AND TOLERANCING PER ANSI Y14 5 

15.24 

BSC 

0.600 

BSC 

V. L/iiviLi i^iwiTiiivj /^iiw 1 vLunrAiiviiiivj run rMHwi i 

1Q73 
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44-LEAD PACKAGE 


PLASTIC CHIP CARRIER 
CASE 777-02 


D| L(g)-M®| 

N0-P®| L(D-M0| 

— NOTE 1 


G1 

I > 1 0.25 (0.010) ® I T I N (D-P ® I L (D-M (D| 




0.18(0.007) ® 

I 

L0-M® 

N(D-P0 

t 

0.18 (0.007) ® 

Jj 

N©-P® 

L0-M® 



0.18 (0.007) ® 

T 

L(D-M® 

N(D-P® 


0.18(0.007) @ 

T 

N0-P® 

L0-M® 




DIM 

MILUMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

17.40 

17.65 

0.685 

0.695 

B 

17.40 

17.65 

0.685 

0.695 

C 

4.20 

4.57 

0.165 

0.180 

E 

2.29 

2.79 

0.090 

0.110 

F 

0.33 

0.48 

0.013 

0.019 

G 

1.27 

BSC 

0.050 BSC 

H 

0.66 

0.81 

0.026 

0.032 

J 

0.51 

— 

0.020 

— 

K 

0.64 

— 

0.025 

— 

R 

16.51 

16.66 

0.650 

0.656 

U 

16.51 

16.66 

0.650 

0.656 

V 

1.07 

1.21 

0.042 

0.048 

W 

1.07 

1.21 

0.042 

0.048 

X 

1.07 

1.42 

0.042 

0.056 

Y 

— 

0.50 

— 

0.020 

Z 

2° 

10" 

2" 

10° 

G1 

15.50 

.16.00 

0.610 

0.630 

K1 

1.02 

— ' 

0.040 

— 

Z1 

20 

10" 

2" 

10" 


NOTES; 

1. DUE TO SPACE LIMITATION, CASE 
777-02 SHALL BE REPRESENTED BY A 
GENERAL (SMALLER) CASE OUTLINE 
DRAWING RATHER THAN SHOWING 
ALL 44 LEADS. 

2. DATUMS -L-, -M-, -N-. AND -P- DETERMINED 
WHERE TOP OF LEAD SHOULDER EXIT PLASTIC 
BODY AT MOLD PARTING LINE. 

3. DIM G1, TRUE POSITION TO BE MEASURED AT 
DATUM -T-, SEATING PLANE. 

4. DIM R AND U DO NOT INCLUDE MOLD 
PROTRUSION. ALLOWABLE MOLD PROTRUSION 
IS 0.25(0.010) PER SIDE. 

5. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

6. CONTROLLING DIMENSION: INCH. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Embossed Tape and Reel 

Embossed Tape and Reel is used to facilitate automatic pick and place equipment feed re- 
quirements. The tape is used as the shipping container for various products and requires a 
minimum of handling. The antistatic/conductive tape provides a secure cavity for the product 
when sealed with the "peel-back" cover tape. 

• 13-Inch Reel 

a Used For Automatic Pick and Place Feed Systems 

• Minimizes Product Handling 

• EIA-481 

• SOJ-24, SOJ-28, SOJ-20/26 
Ordering Information 

Use the standard device title and add the required suffix R2. Note that the individual reels 
have 1000 devices per reel. Also note the minimum lot size is one full reel for each line item, 
and orders are required to be in increments of the single reel quantity. 


'booooooooooooooo 


p 

i■ 

H 

|[■|[I 

M 


UB 

IB 

|■il 

i 


Tape and Reel 
Data for 
MOS Memory 
Surface Mount 
Devices 


PACKAGES 

SOJ-24 

SOJ-28 

SOJ-20/26 



DIRECTION OF FEED 


Package 

Tape Width 
(mm) 

Device 
per Reei 

Reel Size 
(inch) 

Tape & Reel 

Lot Size 
(Min) 

Device 

Suffix 

SOJ-24 

24 

1,000 

13 

1,000 

R2 

SOJ-28 

24 

1,000 

13 

1,000 

R2 

SOJ-20/26 

24 

1,000 

13 

1,000 

R2 
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TAPE AND REEL DATA 


CARRIER TAPE SPECIFICATIONS 

10 PITCHES 



ALLOWABLE CAMBER TO BE 1 mm/lOO mm NONACCUMULATIVE OVER 250 mm 

DIMENSIONS 


Tape 

Size 

Bi Max 

n 

Dl 

E 

F 

K 

P 

PO 

P2 

R Min 

TMax 

W 

24 mm 

19.4 mm 
(0.764') 

1.5+0.1 mm 
-0.0 

10.059 + 0.004' 
-0.0) 


1.75±0.1 mm 
(0.069 1 0.004') 

11.5±0.1 mm 
(0.453 1 0.004') 

4.0 mm 
(0.157') 

12.0l0.10 mm 
(0.47210.004') 

4.010.1 mm 
(0.15710.004') 

2.010.05 mm 
(0.07910.002') 

50 mm 
(1.968') 

0.400 mm 
(0.016') 

2410.2 mm 
(0.9451 0.008') 


Metric Dimensions Govern— English are in parentheses for reference only. 

NOTE 1 ; Aq, Bq, and Kg are determined by component size. The clearance between the components and the cavity must be within 0.05 mm 
min to 0.50 mm max. The component cannot rotate more than 10® within the determined cavity. 
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TAPE AND REEL DATA 
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Selector Guide and Cross Reference 

MOS Dynamic RAMs 

General MOS Static RAMs 

CMOS Fast Static RAMs 

Special Application MOS Static RAMs 

MOS EEPROM 

MECL Memories 

Military Products 

Reliability Information 
Applications Information 
Mechanical Data 
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MOTOROLA 


Literature Distribution Centers; 

USA: Motorola Literature Distribution; P.O. Box 20912; Phoenix, Arizona 85036. 

EUROPE: Motorola Ltd.; European Literature Center; 88 Tanners Drive, Blakelands, Milton Keynes, MK14 5BP, England. 
ASIA PACIFIC: Motorola Semiconductors H.K. Ltd.; P.O. Box 80300; Cheung Sha Wan Post Office; Kowloon Hong Kong. 
JAPAN: Nippon Motorola Ltd.; 3-20-1 Minamiazabu, Minato-ku, Tokyo 106 Japan. 


